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PART THIRD. 

Containing various Problems in Mechanics. 

After arithmetic and geometry, mechanics is the next 
of the physico-mathematical sciences having their certainty 
resting oa the simplest foundations. It is a science also 
the principles of which, when combined with geometry, 
are the most fertile and of the most general use in the 
other parts of the mixed mathematics. All those mathe- 
maticians therefore who have traced out the development 
of mathematical knowledge, place mechanics immediately 
after the pure mathematics, and this method we shall here 
adopt also.^ . 

We suppose, as in every other part of the mathematics 
introduced into this work, that the reader is acquainted with 
the first principles of the science of which we treat. Thus, 
in regard to mechanics, we suppose him acquainted with 
die principles of equilibrium and of hydrostatics ; with the 
chief laws of motion, 8cc. For it is not our intention to 
teach these principles; but only to present ^ few of the 
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8 THE MOTION OV BALLS. 

most curious and remarkable problems, which ante from 
them. 

PBOBLEM I. 

To cause a ball to proceed in a retrograde direction^ though 
it meets with no apparent obstacle. 

Place an ivory ball on a billiard table, and give it a 
stroke on the side or back part, with the edge of the open 
hand, in a direction perpendicular to the table, or down» 
ward.— -It will then be seen to proceed a few inches for- 
ward, or towards the side where the blow ought to carry 
it \ after which it will roll in a retrograde direction, as it 
were of itself, and without having met with any obstacle* 

Remark. — This elkct is not contrary to the well knowa 
principle in mechanics, that a body once put in motion, 
in any direction, will continue to move in that direction 
until some foreign cause opfpose and prevent or turn it» 
For, in the present case, the blow given to the ball, com- 
municates to it two kinds of motion ; one of rotation about 
its own centre, and the other direct, by which its centre 
teoves pamlld to the table, as impelled by the blow. TtiÀ 
hrtter motion, on account of the friction of the btfU onibi 
iiA^le, is soon annihilated ; but the rotary motion abottt 
die centré continues, and when the former has ceased, ttA 
latter makes the ball roil on tbe retrograde direct ton. In 




■er, tint the laid iWl tarn eanctly at the top aud bottom 
while the ball is roiliDg. 

SKXAmc— The fault of all kalis uml for b&IIianls Je- 
pends on this principle. For, as they ai« all made of 
irocy, and as, in e?eiy mass of that substaoce» there arc 
alwaja some parts more solid than othi^r», there is not a 
singfe ball perhaps which has the centre of gravity ea- 
actly in the centre of the figure. On thU account every 
Jmll deviates more or less from tlie Une in which it is im- 
peUed, when a slight motion is communicated to ii, in 
order to make it proceed towards the other side of tlnî 
billiard table, unless the heaviest part be placed at the top 
or bottom. We have heard an eminent maker of thcho. balls 
.declare, thfEit be would give two guineas for u ball that should 
be uniform throughout ; but that be hud never \^e\\ able 
-jto find one perfectly free from the above montionud fault. 

Hence it happens, that when a player strikes the ball 
:gently, be often imagines that he has struck it uukkiUulIyi 
•^v played badly; while his want of success is oiitiroly the 
eonsequence of a fault in the ball. A good billiard player, 
-{Msfore he engages to play for a kurge suoii ought carelully 
*to try the ball, in order to discover tlu; lieaviost and light- 
est parts. This precaution was communicuted to us by a 
first rate player. 

PROBLEM 111. 

Haw to construct a balance , which shall appear just xs^/ten not 
loaded^ as well as when loaded with unequal weights. 

We certainly do not here intend to teacli peopli? Ii4;w u» 
commit a fraud, which ouglit always to ti« condvnifM^I ; 
but merely to show that they Uioald be M their ^fiard 
against Cslse faalafices, which often appear «« 1m» m%mX ; 
and that in porchasiog vahiahle artick^, U timy msK i#<H 
well acquainthd with the wu4tar, it s^ no t c sse ry U/ mmssm 
te haiaoee, attd t» svbyeet it tfà trial, it m ff^mà^k Hh 
deed to make oue» whidi «hen «aloadtd émil he «i fi» 



4 TO DMSCT fAUB BALANCES. 

feet equilibrium» but which shall nevertheless be fake* 
The method is as follows : 

Let A and b be the two scales of a balance, and let A be 
heavier than b : if the arms of the balance be made of un- 
equal lengths, in the same ratio as the weights of the two 
scales, and if the heavier scale a be suspended from the 
shorter arm, and the lighter scale b from the longer, these 
scales when empty will be in equilibrium. They will be 
in equilibrium also when they contain weights wUch are 
to each other in the same ratio as the scales. A person 
therefore unacquainted with this artifice will imagine the 
weights to be equal; and by these means may be imposed 
on. 

Thus, for example, if one of the scales weighs 15, and 
the other 16 ; and if the arms of the balance from which 
they -are suspended be, the one 16 and the other 15 inches 
in length; the scales when empty will be in equilibrium, 
and they will remain so when loaded with weights which 
are to each other in the ratio of 15 to 16, the heaviest being 
put into the heaviest scale. It will even be difficult to ob- 
serve this inequahty in the arms of the balance. Every 
time therefore that goods are weighed with such a balance, 
by putting the weight into the heavier scale and the mefu 
chandise into the other, the purchaser would be cheated, of 
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duct of 16 multiplied by 14 is M4, the square root oi which 
gives 144^ for the true weight, or nearly 15 ounces. Or 
indeed the just weight is found nearly by barely adding 
the two numbers together, and dividhig the sum by S^ 
Thus 16 and 14 make 30, the half of which, or 15, is the 
true weight very nearly. 

FBOBLBM IV. 

Ihfrêd the centre qfgrtmty of several weights. 

As the solution of various problems in mechanics de- 
pends on a knowledge of the nature and place of the centre 
of gravity, we shall here explain the principles of its 
theory. 

The centre of gravity of a body, is that point around 
wUch all its parts are balanced, in such a manner, that if 
it were suspended by that point, the body would remain 
at rest in every position, in which it might be placed 
around that point. 

' It may be readily seen that, in regular and homogeneous 
bodies, this point can be no other than the centre of magni- 
tude of the figure. Thus, the centre of gravity in the 
globe and spheroid, is the centre of these bodies $ in the 
cylinder it is in the middle of the axis. 

The centre of gravity between two weights, or bodies 
of different gravities, is found by dividing the distance be- 
tween their points of suspension into two parts, which shall 
be inversely proportional to the weights ; so that the shorter 
part shall be next to the heavier body, and the longer part 
towards the lighter. This is the principle of balances with 
unequal arms, by means of which any bodies of diflerent 
Wrights may be weighed with the same weight, as in the 
steel yard. 

When there are several bodies, the centre of gravity of 
two of them must be found by the above rule ; these two 
are then supposed to be united in that point, and the com- 



6 CSNTBB OJ GBATITT. 

lllôti Centre of gravity between them aiid the third b to be 
found in the same manner , and so of the rest. 

Let thé weights a, b and c, for eitalnple, be sospended 
firom three points of the line or balance df (pK 1 fig. 1)| 
which y^e shall suppose to have no weight. Let the bodj 
A weigh 108 pounds ; b 144, and c 180; and let the di« 
stance de be 11 inches, and ef 9. 

First find the common centre of gravity of the bodies b 
and c, by dividing the distance bf, or 9 inches, into two 
parts, which are to each other as 144 to 180, or as 5 to 4. 
These two parts will be 5 and 4 inches ; the greater of 
which must be placed towards the smaller weight: the 
body b being here the smaller, we shall have eo equal to 
B inches, and fg to 4 ; consequently do will be 16. 

If we now suppose the two weights b and c, united into 
one in the point g, and* consequently equal in that point 
to 324 pounds; the distance no, or 16 inches, must be di- 
vided in the ratio of 108 to 324, or of 1 to S. One of these 
parts will be 12 and the other 4; and as a is the less weight, 
OH must be made equal to 12 inches, and the point u will 
be the common centre of gravity of all the three bodieS| as 
required. 

The result would have been the same, had the bodies 4 
and b been first united. In short, the rule is the same 
whatever be the number of the bodies, and whatever be 
Ifaeir position in the same straight Une, or in the samç 
plane. 

This may suffice here in regard to the centre of gravity. 
But for many curious truths, deduced from this eonsidera* 
tion, recourse may be bad to books which treat on mer 
chanics. We shall however mention one beantihil principle 
in this science deduced from it, which is as follows : 

J[f several bodies or weights be so disposed^ that by qam- 
municating motion to each other ^ their common centre of 
gravity remains at rest^ or does not deviate Jram the horù 
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JWNlaf Ime^ that it to my neither rises norfalls^ there wûl 
then be an equilibrium. . . 

The demoDstratioa of this principle is almost evident 
from its enunciation ; and it may be employed to demion- 
strate all the properties of machines. But we shall Je^vç 
tbe application of it to the reader. 

Remark.— -As this is the proper place, we shall here 
discharge a promise made in the preceding volume,, prob. 
72 GeooL viz, to resolve a geometrical problem, tbe solu- 
tion of which, as we said, seems to be only deducible from 
tbe property of the centre of gravity. 

Let the proposed irregular polygon then be ABCSiib 
(pL 1 fig. 2 No. 1); tbe sides of which are each divide^ 
into two equal parts, in a, 6, c, d and e, from which re- 
sults a new polygon abode a; let the sides of the latter 
be each divided also into two equal parts, by the points 
flf, b\ tf',^, £^, which when joined will give a third polygon 
d V d d! tf d ; and so on. In what point will this divinon 
terminate? 

To solve this problem, if we suppose equal weights 
placed ^t a, by c, ^, e^ their common centre of gravity will 
be tbe point required. But, to find this centre of gravity, 
we must proceed in the following manner, which is ex- 
ceedingly simple. First draw a b (fig. 2 No. 2), and Jet 
the middle of it be the point/,* then draw/^, and divide 
It in g y in such a manner ih^Xfg shall be one third of it; 
draw also g d^ and let ^ A be the fourth of it ; in the last 
place, draw A e and let A i be the fifdi of it : the weighs e 
being the last, tb^ point i, as may be demonstrated from 
what has been beJTore said, will be the centre of gravity of 
the five equal weights placed at a, 6, c, d and e; and will 
solve the proposed problem. 

. PBOBLBM V. 

mm tm persons earry a burthen^ by means ef a laier or 
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,, .. «c stfrrftiities; to find hew 

, '•m /v .'M^ pcrstnu 

^ . . •*% . :ne weight c were exacdy 

.^ • « 7». I tig. 3), the two persons 

'<uc 'f the weight is not in the 

. iuoiî>cnited, that the parts of the 

V •.? »vr>ons, are in the reciprocal 

^.,. V. itu :nc weight. Nothing then is 

..c nr weight according to this ratio; 

V . w:i Mil be that supported by the per* 

. ^ u. iitd the least that supported by 

V ^ . iMuiic. The calculation may be made 

. vi.i;ui ot' the lever ab, is to the length 
. .v'.c Hct^ht, to the weight supported by the 
. . .. .lie otlicr extremity b ; or as ab is to 
. .iv.c \% eighty to the part supported by the 
, .Î >àa».'c«i ut A. 
\...u^>>c« b^' t» feet, the weight c 150 pounds, 

•4 s :^ Yixt $hall have this proportion : as 6 
»0 lo a fourth term, which will be 100. The 

u lie extremity b, will therefore support 
*.to voaflciiuently the one jplaced at a will 
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inade it fast to the middle of a large lever ab (pi. 1 fig. 4) 
cause the extremities of this lever to rest od two shorter 
ones^CD and ef, and place a man at each of the points 
c^ D, E and F : it is evident that the weight will then be 
equally distributed among these four persons. 

If 8 men are required, pursue the same method with the 
levers cd and ef, as was employed in regard to the first; 
that is, let the extremities of cb be supported by the two 
shorter ones ab and c d; and those of ef by the levers ef 
and gh: if a man be then stationed at each of the points 
a^ b, Cy dj e,J', g, h, they will be all equally loaded. 

The extremities of the levers or poles ab,cdf ef^ and 
gh^ might, in like manner, be made to rest on others 
placed at right angles to them : by means of this artifice 
the weight would be equally distributed among 16 men^ 
and so of any other number. 

We have heard that this artifice is employed at Con- 
stantinople, to raise and carry the heaviest burthens, such 
as cannons, mortars, enormous stones, &c. The velocity, 
it is added, with which burthens are transported from one 
place to another by this method is truly astonishing, 

problem VII. 

A rope ACB (pi. 1 fig. 5), of a determinate lengthy being 
made fast by both ends^ but not stretched^ to two points of 
unequal height ^ a and b ; what position wiU be assumed 
by the weight p, suspendedfram apîdkn/f which roUsfreeb/ 
en that rope ? 

From the points a and b, let fall the indefinite vertical 
lines AD and bg ; then from the poînt a, with an opening 
of the compasses equal to the length of the rope, describe 
an arc of a circle, intersecting the vertical line bg, in e ; 
and from the point b describe a similar arc of a circle, in» 
tersecting the vertical line ad in d : if the lines ae and bd 
be then drawn, the. point c,. where they cut each other, 
will give the position of the rope acb, when the weight 



hàê fttsmned that position in which it iniift rest ; end die 
point € will be thi^ in which the pulley will settle. For il 
WÊJ be easily demonstrated, that in this situation th« 
weight p will be iu the lowest position poiisibl^ wUeh ii 
an iuTariable principle of the centre of graTiQr. 

PROBLBM vixi. 

n €ÊÊUimpmlJi»tt of mater to be nipfort€d tjf a stkàp mm 
iÊ^rfwUeh inUjf^ or Ims, rests on tke edge ^' « teMe; 
To make the reader comprehend properly the method 
of performing this trick, in regard to equilibrinm ; wfaieh 
is but ill explained in the okl books of Mathematical Ba- 
ereationt, both in the text and in the engraring ; we have 
gireU) in the 6th figure of the 1st plate, a section of tht 
isd>le and the budget. 

In this figure, let ab be the top of the table, on which 
it placed the stick cd. Convey the handle of the bucket 
eiver tfab stick» in such a manner that it may rest on it in 
an inclined position ; and lei the middle of the bucket be 
within tins edge of the table. That the whole apparatus 
may be fixed in this situation, place another stick gfs, 
with om> kX Us ends n^ng i^nst the comer c <tf tlie 
bm^ktMi wlub tht» middle part rests against the edge p» of 
tlm liiulsia, (iuti it> ntlun cvtnnuUy agiiiu^t the fira ïitick 
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■ Knmmxw^^Aeeordiiig to this principle^ yaiioi» othet 
trieki of ibe sunc kind, which are generally proposed in 
books on mechanicsy may be performed. For exaraj^O) 
ivofide a bent hook ]Dor» as seen at the opposite end of 
the same figure^ and insert the part, fd, in the pipe of a 
key at b, which must be placed on the edge of a table ; 
from the lower part of the book suspend a weight o^ and 
dispcne the whole in snch a manner that the vertical line 
OD may be a little within the edge of the table. When 
this arrangement has been made^ the weight will not fall, 
and the case will be the same with the key^ which had it 
been placed alone in that situation would perhaps have 
fa}len ; and this resolves the following mechanical problem, 
jxéoposed in the form of a paradox: A bwfy having a 
tendency to fall by its own weighty him to prevent it from 
falling, by aiding to il a weight on the same side on which it 
tends tofaU. 

The weight indeed appears to be added on that side, 
but in reality it is on the opposite side. 

PROBLEM IX. 

To hold a stick upright on the tip of the finger, without its 
being able toJaU. 

Affix two knives, or other bodies, to the extremity of 
the stick, in such a manner that one of them may incline 
to one »de, and the second to the other, as seen in .the 
figure (pi. 3 fig. 7): if this extremity be placed on the tip 
of the finger, the stick will keep itself upright, without 
falling ; and if it be made to incline, it will raise itself 
again, and recover its former situation. 

For this purpose, the centre of gravity of the two 
weights added, and of the stick, must be below the point 
of suspension, or the extremity of the stick, and not at the 
eltremity, as asserted by Ozanam; for in that case there 
Would be no stability. 

It is the same principle that keeps in an upright piositioa 
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:itu.c».. jf iffs«i«si ^'TTT. two weights, to coanter- 

M^. ..m •«tfH.Tf ire abde to turn and balance, 

«^« «e vfn ^«Nc» on a small ball, loosely 

^. . . . -^MÈu, J** 13!$ kind is the small figure 

^4 ».•<.. Lcu 117 râe stand i, by a baU e, 

«9«i;> . y&K ▼:?*, hanng affixed to its 

^ 4*.» I eai r and f. The centre of 

^ uw.«;t *'ii«.^ sua considerable distance 

.... . -^pv%rrt« 2&K9cains the figure upright, 

.^^«i j> jervradicular position, after it 

...w^ -• -'^u** Hcr; for this centre tends to 

^ .« .» «.2>4u>itf « which it cannot do without 

. .^. .^.4awJ. :"*rv« knives may be disposed 

^. J. ^ .;i*i oo the point of a needle; for 

v> • •*? dgure (fifir. 9 pi. 2) and placed 

w %.t.»i: ,*f a needle held in the band, 

., ^«^.M*s>^ :ôeir common centre of gravity 

v.*^% -A :dc needle, which is above the 



^itki'». vriihout any counterpoise, shall 
r<'W, and keep in that position, or 
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horksonCal plane as much as . possible, and this can never 
be .<tbe case till the a3(is becomes perpendicalar to the 
horiason; for the small figure; above scarcely deranges k 
from its place, on account of the disproportion between its 
weight and that of its base. 

In this manner, were ^constructed those small figures 
called Prussians, sold at Paris some years ago. Thej 
were formed iuto battalions, and being made to fidl dow^i 
by drawing a rod over them, they immediately started. up 
again as soon as it was removed. 

Screens of the same form have been since invented, 
which always rise up of themselves, when they happen to 
be pressed down. 

PROBLEM XI. 

If a rape acb, to the extremities of which are affixed the 

gioenweighis p and g, be made to pass over two puUej^s.A 

and Bj and if a weight r be suspended from the point c, 

by the cord £c ; what position will be assumed by the three 

weights and the rope f cb ? (fig. 1 1 pL 2). 

In the line a &, perpendicular to the horizon, assume 

any part a c, and on that part as a base, describe the tri- 

suigle a ^ c, in such a manner, that a c shall be to ci/, as 

the weight r, to the weight p; and that a c shall be to ai{, 

as R to 9 ; then through a, draw the indefinite Une- ac 

parallel to cd\ and through b, draw bc, parallel to a d: 

the point e, where these two lines intersect each other» 

will be the point required, and will give the position acb 

of the rope. 

For, if in rc continued we assume cd, equal to a c, 
and describe the parallelogram edfc ; it is evident that 
we shall have cf and C£, equal to c ^ and ad; and there- 
fore the three lines ec, CD,and cf will be as the weights 
IP, m and g ; consequently the two forces acting from c to 
T, and from c to e, or in the direction of the lines ca and 
£B, will be in equilibrio with the force which acts fronu 
€ towardsE. 



14 nmm to movb tbb bamh. 

ièBiiAB«t.-«i4«t V tbs ratio of the w«g^ ^ 
limt lihB pmnt ^ iateweetkm € «hoald &li on ^M fine A«9 
or abo¥o it, tbo probiem in this case woold be impoadMe. 
The weight 9, or the weight p, would oreioome Âe oiker 
two in such a manner, that the point c wo«ld faH lo b er 
Af pê that the rope would form no ang^e, 

Theie weights alao might be such that 'k would \m ioi» 
posnble to construct the tnaagle aed^uë if one of them 
«leee efuai to or greater than •theiother two taken together ; 
for, to make a triangle of three tines, eadi of them most 
beAess than the other two. In that case we ought to con» 
olude that the weight equal or superior to the other «wo 
would overcome them both, so that no «quilibriamcioaid 
take place, 

2d. If instead of a knot at c, we should suppose the 
weight B suspended from a pulley capable wf TolBiig on 
fbm rope acb, the solution woukl be stMl the aame;' for 
It H evident that, things being in the same statto as in the 
first case, if a pulley were substituted for the knot c, the 
#fBUIbrium would not be destroyed. Butther^ would be 
one limitation more than in the preceding case, it :WOQld 
be oeoeasary that the point of intersection, c, deterannod 
as above, should fall below the horiiontal line, dra%^ 
through the point b ; otherwise the pulley would roll to 
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kowmnditniie Archimedes would have required to move 
the^eirtti only one inch, supposing his machine constructed 
and mathematically perfect ; that is to say, without friction, 
without gravity, and in complete equiUbrium. 

For this purpose,, we shall suppose the matter of which 
the earth is composed to weigh 300 pounds the cubic foot ; 
bring the mean weight nearly of stones mixed with me- 
tMic substances, such in all probability as those contained 
!n the bowels of the earth. If the diameter of the earth 
be 7930 miles, the whole globe will be found to contain 
261 10741 1765 cubic miles, which make 14234991208825- 
44640000cubic yards, or 38434476263828705280000 cubic 
feet; and aHowing 300 pounds to each cubic foot, we shall 
have 11530342879148611584000000 for the weight of the 
earth in pounds. 

Now, we know by the laws of mechanics that, whatever 
bethe construction of a machine, the space passed over by 
the weight, is to that passed over by the moving power, 
in the reciprocal ratio of the latter to the former. It is 
known also, that a man can act with an effort equal only 
to about 30 pounds for eight or ten hours, without inter* 
mission, and with a velocity of about 10000 feet per hour. 
Kwe suppose the machine of Archimedes then to be put in 
motion by means of a crank, and that the force continually 
applied to it is equal to 30 pounds, then with the velocity 
of 10000 feet per hour, to raise the earth^one inch, the 
moving power must pass over the space of 384344762638- 
S87052800000 inches; and if this space be divided by 
10000 feet, or 120000 inches, we shall have for quotient 
S902873021985725440, which will be the number of hours 
required for this motion. But as a year contains 8766 
hours, a century will contain 876600; and if we divide 
the above number of hours by the latter, the quotient, 
MtS3745 176803, will be the number of centuries during 
which it would be necessary to make the crank of the 
machine continually turn, in order to move the earth only 



asadox. 



fraction of a century, as 
.uiculiition of this kind*. 



i^u '•. such as a few pounds, 

.. :,:.sdnds. (Plate 3 fig. 12). 

. . îc:h, and make a hole in the 

,; J tube, an inch in diameter 

V 't:th; which must be fitted 

lîoans of i)itch or tow. Then 

V .\i>k with several weights, so 

V . .:xM>nwards; and having filled 

. .10 to pour some in through the 

:> .•lull cylinder of water will be 

to weights which pressed the 

^^ .v»»»învards will be raised up, but 

>^ : ««ill be bent upwards, and form 

vxtion. 
^ V cikcMi that the lower end of the 
. i»tlu'rwisc the first effort of the 
.^ vv. Jv»wnwards, and the experiment 

. î,o. tiibo, the upper end of the cask 
.^.v.v u» burst. 

noLuenon may be easily deduced 



HY0BOSTATICAL PARADOX. i? 

Another Method. (Plate d fig. Id). 

Suspend from a hook, well fixed in a wall, or any other 
firm support, a body weighing 100 pounds or more; then, 
provide a vessel of such dimensions, that between that 
body and its sides, there shall be room for only one pound 
of water ; and let the vessel be suspended to one of the 
arms of a balance, the other arm of which has suspended- 
from it a scale, containing a weight of 100 pounds. Pour 
a pound of water into the vessel suspended from the one 
arm of the balance, and it will raise the scale containing 
the 100 pounds. 

Those who have properly comprehended the preceding 
explanation, will find no difficulty in conceiving the cause 
and necessity of this cflect; for they are both the same, 
with this difference only, tliut the water, instead of being 
collected in a cylindric tube, is in the narrow interval be- 
tween the body l and the vessel, which surrounds it; but 
this water. exercises on the bottom of the vessel the same 
pressure that it would experience if entirely full of water» 

Another Method. 

Provide a cubic foot of very dry oak, weighing about 60 
pounds, and a cubical vessel about a line or two larger every 
way. If the cubic foot of wood be put iiito the vessel, and 
water be poured into it, when the latter has risen to nearly 
two thirds of its height, the cube will be detached from the 
bottom, and float. Thus we see a weight of about 60 
pounds overcome by half-a-pound of water and even less. 

RfiMAEK.-^Hence it appears that the vulgar are in an 
error, when they imagine that a body floats more readily 
iii a large quantity of water than in a small one. It will 
always float, provided there be a sufficiency to prevent it 
from touching the bottom. If vessels are lost at the mouths 
of rivers, it is not because the water is too shallow ; but 
because the vessels are loaded so much, as to be almost 
ready to sink^ eVen in salt water. But as the water of thé 
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sea is nearly a 30tb part heavier than fresh water, when 
a ship passes from the one into the other, it must sink 
more and go to the bottom. Thus, an egg, which sinks 
in fresh water^ will float in water which holds in solution a 
great deal of salt. 

The principle on which the foregoing experiments are 
performed, is no other than the famous hydrostatical 
paradox, and on which principle Mr.Bramah, an ingenious 
engine maker, has invented a 'mew power, in mechanici^ 
of such efficacy as to raise, with great ease, the heaviest 
loads, or crush the hardest bodies. 

PROBLEM XIV. 

To find the weighi of a cubic foot of water. 

To know the weight of a cubic foot of water is one of 
the most essential elements of hydrostatics and hydraulics; 
and for that reason we shall here show bow it may be ac- 
curately determined. 

Provide a vessel, capable of containing exactly a cubic 
foot, and having first weighed it empty, weigh it again 
when filled with water. But as liquids always rise coa- 
siderably above the edges of the vessel that contains them, 
the result in this case will not be very correct. There 
are means indeed to remedy this defect; but we are 
furnished with a very accurate method of doing it by 
hydrostatics. 

Provide a cube of some veryiiomogeneous matter, such 
as metal, each side of which is exactly 4 inches ; weigh it 
by a good balance, in order to ascertain its weight within 
v^ few grains ; then suspend it by a hair, or strong silk 
thread, from one of the scales of the same balance, and 
again find its weight when immersed in water. We are 
taught by hydrostatics that it will lose exactly as much in 
i^eight as the weight of an equal volume of water. The 
difference of these two weights therefore will be the weight 
of a cube of water, each side of which is i inchesy or of the 
27th part of a (;ubic foot. 
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If very great precision is not required, provide a cube or 
rectangular parallelopipedon, of any homogeneous matter, 
lighter than water, such, for example, as wood; aikl, 
kaving weighed it as accurately as possible, immerse it 
gently in water, in such a manner that the water may not 
wet it above that point at which it ought to float above 
the liquid. We shall here suppose that imd (fig. 14 pi. 3) 
is the line, which exactly marks how much of it is im* 
mersed. Find the content of the solid abcdmi, by multi- 
plying its base by the height ; the product will be the 
volume of water displaced by the body; and this volume^ 
according to the principles of hydrostatics, must weigh as 
much as the body itself. If this volume of water be '720 
cubic inches, for example, and if the weight of the body 
be 26*0416 pounds, we consequently know that 720 cubic 
inches of water weigh 26*0416 pounds. Hence it will be 
«asy to determine the weight of a cubic foot, which cooh 
tains 1728 cubic inches. Nothing is necessary but to 
Biake this proportion : as 1^0 cubic inches are to 17^8, so 
are 96*0416 pounds to a fourth term, which will be 62*5 
pounds, or 62 pounds and a half; which therefore is the 
weight of the cubic foot of water. 

PBOBLBM XV. 

Two liqwrs being given; to determine which of them ù the 

lightest. • 

This problem is generally solved by means of a well 
known instrument <;ailed the Areometer t>r Hydrometeri 
This instrument is nothing else than à small hollow ball, 
joined to a tube 4 or 5 inches in length (fig. 15 pi. 3) ; a 
few grains of shot, or a little mercury, being put into the 
ball, the whole is so combined, that in water of mean 
gravity, the small ball and part of the tube are immersed, 
. It may now be readily conceived that when the instru* 
ment is put into any fluid, for example river water, care 
most be taken to observe bow feur it sinks in it; if it be 

c2 
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n immersed in water, 

, It sunk several inches^ 
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Others, which follow in the order of gnivity, are, alcobot, 
oil of turpentine, distilled water, rain water, river water^ 
spring water, well water, mineral waters. Among tb# 
tables, annexed to this part of the work, the reader will 
find one containing the specific gravity of various liquors^ 
compared with that of rain water; which, being tbeeasiek 
procured, may serve as a common sundard, and also the 
specific gravity of the different solid bodies, whether be^ 
longing to the mineral, vegetable, or animal kingdom ; 
which will doubtless be found very useful, as it is often 
necessary to have recourse to tables of this kind. 

As the following rulesy for calculating the absolute 
gravity, in English troy weight, of a cubic foot and inch^ 
English measure, of any substance, whose specific gravity 
is known, may be of use to the reader, the Translator has 
thought proper to subjoin them to this article of the 
original. 

In 1696, Mr. Everard, balance maker to the Exchequer, 
weighed before the commissioners of the house of com- 
mons, 2145*6 cubical inches, by the Exchequer standard 
foot, of distilled water, at the temperature of 55^^ of Fab» 
renheit, and found that it weighed 1131 oz. 14 drs. Troj, 
of the Exchequer standard. The beam turned with 6 
grains, when loaded with 30 pounds in each scale. Hence^ 
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w^gbt t>f a cubical foot or inch of aby body, in Troy 
grains, may be found by multiplying its speci&c gravity 
by either dP the above numbers respectively. 
. By Everard's experiment, and the proportions of the 
English and French foot, as established by the Royal So- 
ciety and French Academy of Sciences, the following 
numbers have been ascertained : 

Paris grains, in a Paris cube foot of water • • 645511 

English grains, in a Paris cube iPoot of water • 529922 

Paris grains, in an English cube foot of water • 533247 
English grains in an English cube foot of water 437489*4 

EInglish grains in an English cube inch of water 253*175 
By an experiment of Picard, with the measure 
and weight of the Chatelet, the Paris cube foot 

of water contains of Paris grains • • • • 641326 

By one of Du Hamel, made with great care • • 64 1 376 

ByHomberg 641666 

These results show some uncertainty in measure or in 
weights ; but the above computation from Everard's ex<^ 
periinent may be relied on ; because the comparison of 
the Eqglish foot with that of France, was made by the 
joint labour of the Royal Society of London, and the 
French Academy of Sciences. It agrees likewise, very 
nearly, with the weight assigned by Lavoisier, which is 70 
Paris pounds to the cubical foot of water. 

PROBLEM XVI. 

To determine whether a mass of gold or silver, suspected to 
be mixed, is pure or not. 

If the mass or piece, tlie fineness of which is doubtful, 
be diver for example, provide another mass of good silver 
equally heavy ; so that the two pieces when put into the 
scales of a very accurate balance may remain in equilibrio 
ki the air. Then suspend these two masses of silver from 
the scales of the balance, by two threads or two horse- 
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hair?, to prevent the scales from being wetted when thm 
two masses are immersed in the water : if the m^isses. are 
of equal fineness, they will remain in equilibrio in the 
water, as they did when in the air ; but if the proposed 
mass weighs less in water, it is adulterated; that is tpsa^ 
is mixed with some other meta), of less specific gravity 
than that of silver, such as copper for example; and if it 
weighs more, it is mixed with some metal of greater spe- 
cific gravity, such as lead. 

Remarks. — I. This problem is evidently the same as 
that whose solution gave so much pleasure to Archimedes* 
HierO| king of Syracuse, had delivered to a goldsmith a 
certain quantity of gold, for the purpose of making a 
crown. When the crown was finished, the king enter- 
tained some suspicion in regard to the fidelity of the 
goldsmith, and Archimedes was consulted respecting the 
best means of detecting the fraud, in case one had been 
committed. The philosopher, having employed the above 
process, discovered that the gold, of which the crown 
consisted, was not pure. 

If a large mass of metal were to be examined, as in the 
case of Archimedes, it would be sufficient to immerse the 
mass of gold or silver, known to be pure, in a vessel of. 
water, and then the suspected mass. If the latter ex- 
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d^am^s theny the one pure and the other adulteratod, are 
unequal in volume, they ought to lose unequal iquantitiei 
of their weight in the air. But the great tenuity of air^ 
in ri^;ardrto that of water, reinders this small error in^ 
seoMble* 

PROBLEM XVII. 

The same uApposUion made; to determine the quantity of 
mixture in the gold. 

The ingenious artifice employed by Archimedes, is coiv» 
tained in the solution of this problem, and is as follows. 

Suspecting that the goldsmith bad substituted silver or 
copper for an equal quantity of gold, he weighed the 
crown in water, and found that it lost a weight, which we 
shall call a: he then weighed in the same fluid a mass of 
pure goldy which in air was in equilibrio with the crown, 
and found that it lost a weight, which we shall call B ; be 
next took a mifôs of silver, which in air was equal in 
weight to the crown, and weighing it in water, found 
that it lost a quantity c. He then employed this propoi^ 
tion : as the difference of the weights b and c, is to that 
of. the weights a and b, so is the whole weight of the 
crown^ to that of the silver mixed in it. The answer, in 
this case, may be obtained by a very short algebraical 
calculation, though the reasoning is rather too prolix ; 
we shall however explain it after having illustrated this 
rule by an example. 

Let us suppose that Hiero's crown weighed 20 pounds 
in tbe*air, and that when weighed in water it lost a pound, 
and a half» Archimedes, by weighing in air and in water, 
a mass of gold containing 20 pounds^ must have found a 
difiRsrence of 1^ pound; and by weighing in like manner 
a mass of silver of 20 pounds, he must have found a dif^- 
ferenee of 1^ pound. As a, in this case, is equal to 4; b 
to f|, and c to IÇ; hence the difference of a and b is }J, 
and that of b and c is ||f : we niust therefore use the foN 
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each placed exactly in the middle of the box which con- 
tains it 9 so that their centres of gravity coincide^ whatever 
may be said in the old books on Mathematical Recrea- 
tions, we will assert that there are no means of distinguish- 
ing them, or at least that the methods proposed are de-^ 
fective. 

The case is the same in regard to the two similar globes 
of equal size and weight. 

If we were however under the necessity of making a 
chpice, we would endeavour to distinguish the one from 
Ûk4 other in the following manner. 

We would suspend both balls by as delicate a thread as 
possible to the arms of a very accurate balance, such ag 
those which, when loaded with a considerable weight, are 
sensibly affected by the difference of a grain. WeVould 
then immerse the two balls in a large vessel filled with 
water, heated to the degree of ebullition, and that which 
should preponderate we would consider as gold. For,^ 
according to the experiments made on the dilatation of- 
metals, the silver, passing from a mean temperature, to 
that of boiling water, would probably increase more in 
volume than the gold ; in that case the two masses, which 
in air and in temperate water, were in equilibrio, would 
not be so in boiling water. 

Or, we might make a round hole in a plate of copper^^ 
of such a size, that both balls should pass exactly througb 
it with ease ; we might then bring them to a strong de«^ 
gree of heat, superior even to that of boiling water. Now, 
if we admit that silver expands more than gold, as above 
supposed, we might apply each of them to the hole in 
question, and the one which experienced the greater diSà^ 
culty in passing, ought to be accounted silver. 

PROBLEM XIX. 

!I\00 Mclmed planes ab and ad being gwen^ and two unequal 
spheres p and p ; to bring them to an equilibrium in the 
mgUf as seen in thejgt^re (pK 3 fig. 16). 
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The globes p and py will be in equiltbrio if the powers 
with which they repel each other, in the direction of the 
line c c, which jcrins their centres, are equal. 

But, the force with which the globe p tends to descend 
along the inclined plane ba, which is known, the inclina- 
tion of the plane being given, is to the force with which 
it «:ts in the direction c c, as radius is to the cosine of the 
angle ccf; and, in like manner, the force with which 
the weight p descends along da, is to that with which it 
tends to move in the direction cc, as radius is to the cosine 
of the angle c c/i hence it follows, that as these second 
forces must be equal, the cosine of the angle c must have 
the same ratio to the cosine of the angle c, as the force 
with which the globe p tends to roll alon^ ba, has to that 
with which p tends to roll along nA. The ratio of these 
cosines therefore is known ; and as in the triangle c 6 c 
the angle o is known, since it is equal to the angle dab, it 
thence follows that its supplement, or the sum of the two 
angles c and c, is also known ; and hence the problem is 
reduced to this, viz, to dividing a known angle into two 
such parts, that their cosines shall be in a given ratio; 
which is a problem purely geometrical. 

But, that we may confine ourselves to the simplest case, 
we shall suppose the angle a to be a right-angle. Nothing 
then will be necessary but to divide the quadrant into two 
ai^cs, the cosines of which shall be in the given ratio, 
which may be done with great case. 

Let the force then with which p tends to move along its 
inclined plane be equal to li ; and that of p to roll along 
in plane equal to m. Draw a line parallel to the plane 
i^ at a distance from it equal to the radius of the globe 
p, and another parallel to the ptane da, at a distance from 
it equal to the radius of p, which will intersect each other 
iB.-o>; having then made gl to o/, as m to m, employ the 
following proportion : as l/ is to lg, so is the sum of the 
radii of the two globes to gg ; and from the point c, draw 
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ce parallel to hi: the points c and c will be thé pla<:ê8 of 
the centres of the two globes, and in this -situation alone 

they will be in equilibrio. 

PROBLfiM XX. 

Txifo bodies, vand Qi depart at thesame time from twopoiniÊ 

A and B, of two lines given in pasùion, and move tawarësa 

and by with gipen velocities : repaired their position when 

they are the nearest to each other possible? (PI. "3 fig. 17.) 

If their velocities \% ere to each other in the ratio of thé 

lines BD and ad, itis evident that the twobodies would meet 

in D. But supposing their velocities difierent from that,* 

there v^ill be a certain point where, without meeting, they 

will be at the least distance from each other possible ; and 

after that they will continually recede from each other. 

Here, for example, the lines bd and ad are nearly equal. 

If we suppose then that the velocity of p is to that of g, 

in the ratio of £ to 1, required the point of the nearest 

approach. 

Through any point r, in ad, draw the line rs paraflel 
to bd, and in such a manner, that ar shall be to rs, as thé 
velocity of p is to that of q ; that is to say, in the present 
case, as 2 to 1 ; produce indefinitely the line AST, and! 
from the point b draw bc perpendicular to at ; through 
the point c draw cs parallel to bd, till it meet ad in e ; 
aikl hanng^rawn ef parallel to cb, meeting bd in f, the 
points F and e, will be those required. 

PBOBLBM XXI. 

To came a cylinder to support itself on a plane, inclined to 

the horizon, without rollhig down; and even to ascend- a 

little along that plane. (PL 4 fig. 18). 

If A cylinder be humogeneous, and placed on an inclrnecf 

pAane, its axis behig in a horizontal situation, it is evitfent 

that it will roll down ; because its centre of gravity b«ng 

the 8ai»e -as -that of the figure, the vertical line, drawn 
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■ iiin itself in it, provided neither its surikce nor that of the 
plane be so smooth as to admit of its sliding parallel to 
itself. In this situation it will even have greater stability, 
according as the ratio of bg to ga is less than that of cp 
or CD to C£, or as the angle abg or cd^ i» less than 

CDE. 

This is also a truth which we must demonstrate. For 
this purpose, it is to be remarked that e, the centre of 
gravity of the cylinder, in rolling along the inclined plane, 
describes a curve, such as is seen in fig* 20; this is what 
geometricians caU an elongated cycloid, which rises and 
descends alternately below the line drawn parallel to the 
inclined plane, through the centre of the cylinder. But, 
the cylinder being in the position represented in fig. 20, 
if the line ej> be drawn from the centre of gravity to the 
point of contact, it may be demonstrated that the tangent 
to the point e of that curve, is perpendicular to de : if the 
inclination of the plane therefore is less than the angle 
CDE, that tangent will meet the horizontal line towards the 
ascending ûde of the plane ; and the centre of gravity of 
the cylinder will then be as on an inclined plane ik ; con- 
sequently it must descend to the point l of the hollow of 
the curve, which it describes, where that curve is touched 
by the horizontal line. 

When it reaches this point it cannot deviate from it, 
without ascending on the one side or the other : if it be 
iHben removed a little from this point, it will return to its 
former position. 

PROBLEM XXII. 

To construct a clock which shall point out the hours, by 
rolling down an inclined plane. ^ 
This small machine, invented by an Englishman named 
Wheeler, is exceedingly ingenious, and is founded on the 
principle contained in the solution of the preceding 
juroblem. 



92 A ROLLING CLOCK. 

it consbts of a cylindrical boi, made of brasSy 4 or & 
inches in diameter, and having on one side a dial plate, 
divided into 12 or 24 hoars. In the inside, represented by 
fig. 21 9 is a central wheel, which by means of a pinion 
moves a second wheel, and the latter moves a third, &c, 
while a scapement, furnished with a balance or spiral 
spring, acts the part of a moderator, as in common 
watches. To the central wheel is affixed a weight p, 
which must be sufficient, with a moderate inclination, as 
20 or 50 degrees, to move that wheel, and those which 
receive motion from it. But, as the machine ought to be 
perfectly in equilibrio around its central axis, a counter- 
acting weight of such a nature, that the machine shall be 
absolutely indifferent to every position around this axis, 
mu^t be placed diametrically opposite to the small system 
of wheels 2, 3, é, &c. When this condition has been ob- 
tained, the moving weight p must be applied; the effect of 
which will be, to make the central wheel, 1, revolve, and by 
its means the clock movement 2, 3, 4, &c ; but, at the same 
time that this motion takes place, the cylinder will roll 
down the plane a little, which will bring the weight p to 
its primitive position, so that the effect of this continual 
pressure will make the cylinder roll while the weight p 
changes its place relatively, in regard to the cylinder, but 
not in regard to the vertical line. The weight p, or the 
inclination of the plane, must be regulated in such a man- 
ner, tliat the machine shall perform a whole revolution in 
S4 or 12 hours* The handle must be affixed to the com- 
mon axis of the central wheel and weight p ; so that it 
shall always look towards the zenith or the nadir. If more 
ornaments are required, the axis may support a small globe 
with a figure placed on it, to point out the hours with its 
finger raised in a vertical position. It may be readily con- 
ceived, that when the machine ii«is got to the lowest part 
of tlie inclined plane, to make it continue going, nothing 
■ will be necessary but to cause it to ascend to the highest. 
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a goes rather too slow, its movement may be acce- 
-L- rated by raising up the inclined plane, and vice versa. 

PROBLEM XXIII. 

To construct a dress y by means of which it will be impossible 
to sink in the water, and which shall leave the person, who 
wears it, at full freedom to make every kind of move^ 
ment. 

As a man weighs very nearly the same as an equal vo- 
lume of water, it is evident that a mass of some substance 
much lighter than that fluid may be added to his body, by 
which means both together will be lighter than water, and 
of course must float. It is in consequence of this principle 
that, in order to learn to swim, some people tie to their 
breast and back two pieces of cork, or affix full blown 
bladders below their arms. But these methods are at« 
tended with inconveniences, which may be remedied in 
the following manner. 

Between the cloth and lining of a jacket, without arms, 
place small pieces of cork, an inch and a half square, and 
about half or three quarters of an inch in thickness. They 
must be arranged very near to each other, that as little 
space as possible may be lost ; but yet not so close as to 
affect in aqy great degree the flexibility of the jacket, 
which must be quilted to prevent their moving from their 
places. The jacket must be made to button round the 
body, by means of strong buttons, well sewed on ; and to 
prevent its slipping ofl^, it ought to be furnished behind 
with a kind of girdle, so as to pass between the thighs and 
fasten before. 

By means of such a jacket, which will occasion as little 
embarrassment as a common dress, people may throw 
themselves into the water with the greatest safety ; for if 
it be properly made the water will not rise over their 
shoulders. They will sink so little, that even a dead body 
in that situation will infallibly float. The wearers there- 
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fere need make do effort to support tbemselveB ; and wbik 
in the water they may read or write, and even load a pUtoi 
and fire it. In the year 1767 an experiment was made of 
all these things, by the abbé de la Chapelle, fellow of the 
royal society of London, by whom this jacket was in- 
trented. 

It is almost needless to observe haw useful this inven- 
tion might be on land as well as at sea. A sufficient num- 
ber of soldiers, provided with these jackets, might pass a 
deep and rapid river in the night time, armed with pistols 
and sabres, and surprise a corps of the enemy. Ifrepulsedf 
they could throw themselves into the water, and escape 
without any fear of being pursued. 

During sea voyages, the sailors, while employed in dan- 
gerous manœuvres, often fall overboard and are lost; 
others perish in ports and harbours by boats oversetting 
in consequeolce of a heavy swell, or some other accident-; 
in short, some vessel or other is daily wrecked on the 
coasts, and it is not without difficulty that only a part oi 
the crew are saved. If every man, who trusts himself to 
this perfidious element, were furnished with such a coric 
jacket, to put on during the moments of danger, it is evi» 
dent that many of them might escape death. 
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lessen the sides of the boat, they may be raised proper- 
dooally ; leaving large apertures, that the water thrown 
into the vessel may be able to run o£P. It may be proper 
also to make the stern higher, and to furnish it with a deck, 
diat the people may take shelter under it, incase the boat 
should be thrown on its side by the violence of the waves]^ 

Boats constructed in this manner might be of great 
utiUty for going on board a ves^l lying in a harbour, 
perhapiï several miles from the shore; or for going on 
shcMre from a ship anchored at a distance from the landv 
Unfjprtunate accidents too often happen on such occasions, 
when there is a heavy surf, or in consequence of some 
sadden gust of wind ; and it even appears that sometimes 
the greatest danger of a voyage is to be apprehended under 
circumstances of this kind. But boats constructed on the 
above principle would prevent such accidents* 

Much we confess is to be added to this idea, presented 
here in all its simplicity; for some changes perhaps ought 
to be made in the form of the vessel ; or heavy bodies 
Qtfght to be added in certain places to increase its stability. 
This is a subject of research well worth attention, as the 
resultof it might be the preservation of thousands of lives 
every year. 

For this invention we are indebted to M. de Bernieres, 
one of the four controllers general of bridges and causways ; 
who in 1769 constructed a boat of this kind for the king. 
He afterwards constructed another with improvements for 
the duke de Chartres; and a third for the marquis de 
Marigny. The latter was tried by filling it wirii water, or 
endeavouring to make it overset ; but it righted as soon as 
left to itself; and though filled with water, was^still able 
te carry six persons^ 

By this invention the number of accidents which befall 
those who lead a sea-faring life, may in future be diminish- 
ed; but the indifierence with which the invention of M. de 
B«rnier68 was received, shows how regardless men are of 

d2 
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the most useful discoveriesi when the general interests of 
humanity only are concerned, and when trouble and ex- 
pence are required to render them practically useful *. 

PROBLEM XXV. 

ffow to raise from the bottom of the sea a ^vessel whkh 
has mnk. 

This difficult enterprise has been several times accom* 
plished by means of a very simple hydrostatical principlcy 
viz, that if a boat be loaded as much as possible, and then 
Unloaded, it tends to raise itself with aforce equal to that of 
the weight of the volume of water which it displaced when 
loaded. And hence we are furnished with the means of 
employing very powerful forces to raise a vessel that has 
been sunk. 

The number of boats employed for this purpose, must 
be estimated according to the size of the vessel, and bjr 
considering that the vessel weighs in water no more than 
the excess of its weight over an equal volume of that fluid ; 
unless the vessel is firmly bedded in the mud ; for then she 
must be accounted of her full weight. The boats being 
arranged in two rows, one on each side of the sunk vessel, 
the ends of cables, by means of divers, must be made fast 
to different parts of the vessel, so that there shall be four 
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resselr it is a sign that there is a sufficient number of them ; 
but, in raising the vessel, the cables affixed to the boats 
which remain loaded will become slack, and for this reason 
they must be again stretched as much as possible. The 
test of the boats are then to be unloaded, by shifting their 
Isding into the former. The vessel will thus be raised a 
little more, and the cables of the loaded boats will become 
•lack ; these cables being again stretched, the lading of the 
latter boats must be shifted back into the others, which 
will raise the vessel still a little higher ; and if this opera* 
tion be repeated as long as necessary, she may be brought 
to the surface of the water, and conveyed into port, or into 
dock. 

An account of the manœuvres employed to raise, in this 
manner, the Tojo, a Spanish ship belonging to the Indian 
fleet, sunk in the harbour of Vigo, during the battle on the 
10th of October 1702, may be seen in the Mémoires des 
Académiciens étrangers, vol. 2. But as this vessel had re- 
mained more than 36 years in that state, it was imbedded 
in a bank of tenacious clay, so that it required incredible 
labour to detach it ; and when brought to the surface of 
the water, it contained none of the valuable articles ex- 
pected. It had been one of those unloaded by the Spani- 
ards themselves, before they were sunk, to prevent them 
' from falling into the hands of the English. 

Additions. 

On the same principle is constructed the camel, a ma* 
chine employed by the Dutch for carrying vessels heavily 
laden over the sand banks in the Zuyder-Zee. In that sea, 
opposite to the mouth of the river Y, about six miles from 
thjecity of Amsterdam, there are two sand banks, between 
which is a passage, called the Pampus, sufficiently deep 
for small vessels, but not for those which are large and 
lieavily laden. On this account ships which are outwacd 
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them, and large beams are placed horisontally throii^ tbe 
port holes of the vessel, with their ends resting on tbi 
camel, on each side. When the ropes are made fast, so 
that the ship is secured between the two parts of the 
camel, the water is pumped from them, by which meàoi 
they rise, and raise thé i«hip along with them. Each half 
of the camel is generally 127 feet in length ; the breadth 
at one end is 22, and at the other 13. The hold is divided 
into several compartments, that the machine may be kepit 
in equilibrio, while the water is flowing into it. An Easm 
India ship that draWs 15 feet of water, can by the help of 
the camel be made to draw only 1 1 ; and the heaviest ship^ 
of #ar, of 90 or 100 guns, tan be so lightened ai^ to ptM 
without obstruction all the sand banks of the Zuyder-Zee. 

Leupold, in his Theatrum Machinarum, says that the 
camel was invented by Cornelius Meyer, a Dutch engt« 
neer. But the Dutch writers, almost unanimously, ascribe 
this invention to a citizen of Amsterdam, called Meeuvev 
Meindertszoon Bakker. Some make the year of the in- 
vention to have been 1688, and others 1690. However 
this may be, we are assured on the testimony of Bakker 
himself, written in 1692, and still ptesérved, that in the 
month of June, when the water was at its usual height, 
he conveyed in the course of*24 hours, by tlie help of the- 
camel, a ship of war called the Maagt van EnkhuyseO, 
i^hich was 156 feet in length, from Enkhuysèn Hooft, to 
a place where there was sufficient depth; and that tfaiW 
could have been done much sooner had not a perfect calitt' 
prevailed at the time. In the year 169S, he raised a sfaiip 
called the Unie, 6 feet, by the help of this machine, and 
conducted her to a place of safety. 

As ships built in the Newa cannot be conveyed into 
harbour, on account of the sand banks formed by the eur^' 
rent of that river, camels are employed also by the Ros- 
ttans» to carry ships over these shoals : and they have them 
of various sizes. Bernoulli saw one, each half of which' 
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was 217 feet in length, and S6 in breadth* CÊmàê wte 
used likewise at Venice*. 

PROBLEM XXVI. 

To make a body ascend as if of itself along an inclined flmCf 
in consequence of its own gramtjf. 
Provide a double cone (fig. 22 pi. 5), that is^ two right 
canes united at their bas^, so as to have a common axis. 
Then make a supporter, consisting of two branches, form* 
ing an angle at the point c (fig. 23), which must be placed 
in such a manner, that the summit c shall be below the 
horizontal line, and that the two branches or legs shall be 
equally inclined to the horizon. The line ab must be 
equal to the distance between the summits of the double 
cone, and the height ad a little less than the radius of the 
base. These conditions being supposed, if the double 
cone be placed between the legs of this angle, it will be 
seen to roll towards the top ; so that the body, instead of 
descending, will seem to ascend, contrary to the nature 
of gravity : this however is not the case ; for its centre eC 
gravity really descends, as we shall here show. 
. l^t a c (fig. 24<) be the incUned plane, containing the 
angle acb ; ce the horizontal line, pasdng through the 
summit c, and consequently ea will be the elevation of the 
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Vity of the cone will therefore have descended, while the 
cone appeared to ascend* But, as has been already seen, 
it is the descent or ascent of the centre of gravity that 
determines the real descent or ascent of a body. As long 
as the centre ' of gravity can descend, the body therefore 
I'eally moveâ in that direction, &c. 

It will be found, in the present case, that the coarse of 
the centre of gravity, in its whole descent, is a straight 
line. But a parabola or hyperbola might be situated in 
the same manner, with its summit downwards, and in that 
case the course of the centre of gravity qSthe double cone 
would be a curve. This may furnish a subject of exercise 
for young geometricians. 

PROBLEM XXVIL 

To construct a clock with water. (Fig. 25 pL 5.) 
If the water which issues from a cylindric vessel^ through 
a hole formed in its bottom, flowed in a uniform manner j 
nothing would be easier than to Construct a clock to indi-* 
cate the hoars by means of water. But it is well known 
that the greater the height of the water above the orifice^ 
through which it issues, the greater is the rapidity with 
which it flows ; so that the vertical divisions ought not to 
be equal : the solution of the problem therefore consists 
in determining their ratio. 

It is demonstrated in hydraulics, that the velocity witl^ 
which water flows from a vessel, through a very small 
orifice, is proportional to the square root of the height of 
the water above the aperture. And hence the following 
rule, for dividing the height of the vessel, which we sup- 
pose to be cylindrical, has been deduced. 

If we suppose that the whole water can flow out in 12 
hours; divide the whole height into 144 parts; then 23 
of these will be emptied in the first hour; so that there 
will remain 121 for the other eleven. Of these 121 parts» 
21 will be emptied during the second hour ; then 19 wili 
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be emptied in thé third, 17 in the fourth, and so oo. Ai 
the 144th division therefore corresponds to 19 hours^ thé 
12lst will correspond to 11 ; the 100th to 10; the 81st té 
a, 8cc, till the last hour, during \i'hich only one division 
will be emptied. These divisions will comprehend, in the 
retrograde order, beginning at the lowest, the first, 1 part; 
the second, 3; the third, 5; the fourth, 7; &c; which is 
exactly the ratio of the spaces passed over in equal times 
by a body falling freely in consequence of its gravity. 

fiut, if it were required that the divisions in the vertical 
direction, Éihould be equal in equal times» what figuré 
ought to be given to the vessel f 

The vase, in this case, ought to be a paraboloid, formed 
by the circumvolution of a parabola of the 4th degree; or 
the biquadrates of the ordinates ought to be as the ab- 
scissas. If an orifice of a proper size were made in the 
summit of this paraboloid ; and if it were then inverted ; 
the water would flow from it in su6h a manner, that equal 
spaces of the vertical height would be emptied in eqnal 
times. 

The method of describing this parabola is as follows. 
Let AM (fig. 26 pi. 5), be a common parabola, the axis of 
which is ^8, and the summit s. Draw, in any manner^ the 
line Rrr, parallel to that axia, and then draw any ordinate 
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PROBLEM XXVIIl. 

A potnt being given, and a line not horizontal^ to find the 

position of the inclined plane along whichj if a body &- 

sçendj setting out from the given pointy it shall reach thai 

line in the least time. (Fig. 27 pi. 5). 

This mechanical problem is exceedingly curious, and 

admits of a very elegant solution. Let a be the given 

point, and bc the given line. From the point a, draw the 

vertical line ad, and ae perpendicular to the given line ; 

then from the point d, where the vertical line meets bÇ, 

draw DO parallel to ae, and equal to ad: if ao be then 

drawn intersecting bc in f, the line af will be the position 

of the plane along which a body, setting" out from a, and 

descending by the effect of its own gravity, will arrive at 

the line bc in less time than by any other plane differently 

inclined. 

To demonstrate this problem, draw fh parallel to ae 
or DG, till it meet the vertical line ad in h. On account 
of the similar triangles then, we shall have ad to do, an 
ah to HF ; consequently, dq being equal to ad, ah will 
be equal to hf, which is also perpendicular to bc, be- 
cause it is parallel to ae. The circle therefore described 
from the point h, as a centre, through the point A^^ will 
pass through f, and touch the line bc. 

But it is well known, that if a vertical diameter, as 
AHi, be drawn in a circle, and any cords af and. ak, a 
body left to descend by the effect of its own gravity will 
pass over the spaces represented by these lines, in the 
same time. Since the time then employed to fall along 
AK or AI, is equal to that employed to fall along AF, the 
time required to fall along ad or ae will be greater than 
that employed to descend along af. And the same rea- 
soning being applicable to all the other lines that can be 
drawn from the point a to bc, it follows that af b the 
.fine along which the body will arrive, in the least time^ at 
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If the line bc were vertical, ae would then be bori* 
tontal, as well as dg ; ad add dg would 'both be ihfinite, 
and equal; which would give the angle fad equal to 45\ 
Hence it follows, that in this case it would be along a 
plane inclined at an angle of 45* that the body, left to 
itself, would arrive at the vertical line in the least time 
possible. 

PROBLEBi XX1X« 

Tiifo paints a and b being given in the same horizontal line; 
required the position of two planes ac and cb^ of such an 
inclination^ that two bodies descending with accelerated 
velocity from a to c, and then ascending along cb with 
the acquired velocity ^ shall do so in the least time possible. 
(Fig. 28 pU 5.) 

It is evident that a body placed at a, on the horizontal 
line AB, would remain there eternally without moving 
towards b* To make it proceed therefore by the efiect 
of its own gravity from a to b, it must fall along an in- 
clined plane or a curve; so that, after having descended 
a certain space, it shall ascend along a second plane, or 
the remainder of the curve, as far as b. But we shall 
suppose that this is done by means of two inclined planes. 
It is here to be observed, that the time employed to de- 
scend and ascend, must be longer or shorter according to 
the inclination and the length of these planes. The queà- 
tion then is, to determine what position of them is most ad- 
vantageous, in order that the time may be the least. Now 
it will be found that to obtain the required position, the 
two planes must be equal and inclined to the horizon at 
an angle of 45^; that is, the triangle acb ought to be 
isosceles and right-angled at c. 

This solution is deduced from that of the preceding 
'^oblem; for if we conceive a vertical line drawn through 
the point c, it has been shown that the plane ac, inclined 
at an angle of 45 degrees, is the most favourably disposed 
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to make the body, sliding along it, arrive at the vertical 
line in the least time possible ; but the time of the ascent 
along CB, is equal to that of the descent ; whence it fol- 
lows that their sum, or the double of the former, is alsa 
the shortest possible. 

PKOBLEM XXX. 

If a chain and two buckets be employed to draw up waier 

from a well of very great depth; it is required to arrange 

the apparatus in such a manner, that in every position of 

the buckets J the weight of the chain shall be destroyed; so 

that the weight to be raised shall be that only of the water 

contained in the ascending bucket. (Fig. 29 pi. 6.) 

If two buckets be suspended from the two ends of a 

rope or chain, so as to ascend and descend alternately, 

while the rope rolls round the axis or wheel of the wind* 

lass, which serves to raise them, it is evident that wheQ' 

one of the buckets is at the bottom, the person who begins 

to raise it has not only the weight of the bucket to sup* 

port, but that also of the whole chain or rope from the top 

to the bottom of the well ; and there are some cases, as io 

mines of three or four hundred feet in depth, where the 

weight of several quintals must be overcome to raise only 

two or three hundred pounds to the mouth of the mine* 

Such were the mines of Pontpean, until M. Loriot sug* 

gested a remedy for this inconvenience. 

This remedy is so simple, that it is astonishing no one 
ever thought of it before. Nothing indeed is necessary but 
to convert the rope or chain into a complete ring, one of 
the ends of which descends to the depth where the water 
or the ore is to be drawn up, and to affix the buckets to 
two points pf the rope in such a manner that when one of 
them is at the highest part, the other shall be at the lowest. 
For it is evident that;^ as equal parts of the chain ascend 
and descend, these parts will counter-balance each other; 
and the weight to be raisedi were the pit several thousand 
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feet in depth, will be that only of the ore or other sub«' 
stances drawn up. 

The case would evidently be the same if there were 
only one bucket : in every position, the only weight to be. 
raised would be that of the bucket, and the matter it con-r 
tained ; but the machine would be attended with only one 
half of its advantage ; for, by having no more than one 
hiioket, the time which the bucket when emptied would 
employ in descending would be lost, 

RSMAftK«**^In the Memoirs of tiie Academy of Sciences 
for 1731, M. Camus gave another method of remedying 
the above inconvenience. It consists, when there is only 
one bucket, in employing an axis nearly in the form of a 
truncated cone ; so that when the bucket is at the lowest 
depth, the rope. is rolled round the part which has the 
least diameter ; and when the bucket is at the top, it is 
rolled round that which has the greatest. By these 
means; the same force is always required. But it is evi* 
dent that, in every case, more must be applied than is 
necessary. 

When there are two buckets, M. Camus proposes that 
OM half of the rope should be rolled round one half of the 
axis, wliich he divides into two equal parts ; so that one 
h^lf is covered by the rope belonging to the bucket raised 
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the chimney, and projecting from it about a foot, serres to 
support a perpendicular spindle, the extremity of which 
turns, in a cavity formed in the bar ; while the other ex- 
tremity is fitted into a collar in another bar, placed at some 
distance above the former. This spindle is surrounded 
with a helix of tin plate, which makes a couple of revolu- 
tions, or turns round the spindle, and which is about a 
foot in breadth. But instead of this helix, it will be suffix 
cient to cut several pieces of tin plate, or sheet iron, and 
to fix them to the spindle in such a manner that their 
planes shall form with it an angle of about 60 degrees ; 
they must be disposed in several stories, above each other ; 
so that the upper ones may stand over the vacuity left by 
the lower ones. The spindle, towards its summit, bears a 
horizontal wheel, the teeth of which turn a pinion having 
a horizontal axis, and the latter, at its extremity, is fur- 
nished with a pulley, around which is rolled the endless 
chain that turns the spit« Such is the construction of thii 
machine, the action of which may be explained in the fol- 
lowing manner. When a fire is kindled in the chimney» 
the air which by its rarefaction immediately tends to a^^ 
cend, meeting with the helicoid surface, or kind of inclined 
vanes, causes the spindle, to which they are affixed, to 
turn round, and consequently communicate^ the same 
motion to the spit. The brisker the fire becomesr^the 
quicker the machine moves, because the air ascends with 
greater rapidity. 

When the machine is not used, it may be taken dowQ, 
• by raising the vertical spindle a little, and removing the 
point from its cavity ; which will allow the summit to be 
disengaged from the collar in which it is made to turn. 
When wanted for use, it may be put up with the same 
ease. 

Remabks. — ^I. The following mechanical amusement 
is founded on the same principle. Cut out from a card 
as large a cju:cle as possible ; then cut in this circle a spiral, 
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making three or four revolutions, and ending at a small 
circle^ reserved around the centre» and of about a line or 
-two in diameter ; extend this spiral by raising the centre 
above the first revolution, as if it were cut into a conical 
•surface or parabolid ; then provide a small spit made of 
4ron, terminating in a point, and resting on a supporter. 
«Apply the centre or summit of the helix to this point ; 
-and if the whole be placed on the top of a warm stove, 
the machine will soon put itself in motion, and turn with- 
out the assistance of any apparent agent. The agent 
however in this case is the air^ which is rarefied by the 
contact of a warm body, and which ascending forms a 
current. 

II. There is no doubt that a similar invention might be 
applied to works of great utility : it might be employed, 
for example, in the construction of wheels to be always 
immersed in water, their axis being placed parallel to the 
current: to give the water more activity this helicoid 
-wheel might be inclosed in a hollow cylinder, where the 
cWater, when It had once entered, being impelled by the 
current above it, would in our opinion act with a great 
force. 

If the cylinder were placed in an erect position, so as 
to receive a fall of water through the aperture at the top, 
the water would turn the wheel and its axis, and might 
•thus drivé the wheel of a mill, or of any other machine. 
Such is the principle of motion employed in the wheels of 
rBasacle, a famous mill at Toulouse. 
- III. The smoke jacks here in England are made some- 
what different from that above described ; being mostly 
•after the manner of that exhibited in fig. 55 plate 13: 
^ivhere ab is a circle containing the smoke vanes, of thin 
sheet iron, all fixed in the centre, but set obliquely at a 
proper angle of inclination. The other end of the spindle 
has a pinion c, which turns the toothed wheel d, on the 
•spindle of which is ûxed the vertical wheel b, over which 
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the chain ef which turns the spit below. There 
are other forms of this useful machine also made ; but aU 
or most of them having the same kind of vanes in the 
circle ab, instead of the spiral form in the original. 

PROBLEM XXXII. 

What is it thai supports in an upright position^ a top or te- 
totuniy while it is revolving? 

It is the centrifugal force of the parts of the top or te- 
totum, put in motion. For a body cannot move circularly 
.without making an effort to ây off from the centre; so 
that if it be affixed to a string, made fast to that centre, 
it will stretch it, and in a greater degree according as the 
i^ircular motion is more rapid. 

The. top then being in motion, all its parts tend to re- 
cede from the axis, and with greater force the more ra- 
pidly it revolves ; hence it follows that these parts are 
like so many powers acting in a direction perpendicular 
CO the axis. But as they are all equal, and as they pass 
all round with rapidity by the rotation, the result must be 
that the top is in equilibrio on its point of support, or the 
extremity of the axis on which it turns. 

PROBLEM XXXIII. 

How comes it that a sticky loaded with a weight at the upper 
extremity y can be kept in equilibrio^ on the point of the 
finger y much easier than when the weight is near the 
lower extremity 'y or that a swordyfor example y can be 
balanced on the finger much better y when the hilt is up^ 
permost? 

The reason of this phenomenon, so well known to all 
those who perform feats of balancing, is as follows. When 
the weight is at a considerable distance from the point of 
support, its centre of gravity, in deviating either on the 
one side or the other from a perpendicular direction, 
describes a larger circle, than when the weight is very 
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near to the centre of rotation, or the point of suppcnt. 
But in a large circle an arc of a determinate magnitudei 
Sffch as an inch, describes a carve which deviates nnicb 
less from a horizontal direction than if the radius of the 
circle were less. The centre of gravity of the weight 
then may, in the first case, deviate from the perpendicular 
the quantity of an inch, for example, without having a 
tendency or force to deviate more, than it would in the 
second case ; for its tendency to deviate altogether from 
the perpendicular is greater, according as the tangent to 
that point of the arc where it happens to be, approaches 
more to a vertical direction. The greater therefore the 
^^rcle described by the centre of gravity of the weight, 
the less is its tendency to fall, and consequently the greater 
the facility with which it can be kept in equilibrio. 

PROBLEM XXXIV. 

JVhat is the most advantageous position of the feet for stafid- 
ing withJirmnesSi in an erect posture f 

It is customary among well bred people to turn their 
toes outwards; that is to say, to place their feet in such a 
manner, that the line passing through the middle of the 
sole, is more or less oblique to the direction towards which 
the person b turned. Being induced by this circumstance 
to enquire whether this custom, to which an idea of grace- 
fulness is attached, be founded on any physical or mecha- 
nical reason, we shall here examine it according to the 
principles of mechanics. 

Every body whatever rests with more stability on its 
base, according as its centre of gravity, on account of its 
position and the extent of that base, is less exposed to be 
carried beyond it by the effect of any external shock. The 
prc4)lem then, in consequence of this very simple principle, 
is reduced to the following: To determine whether the 
bas^, widiin which the linedramt perpendicular to the 
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horizon from the cejitre of gravity of the human body 
ought to fall, is svisceptible of iucrease and diminution^ 
according to the position of the feet; and what is the posi- 
tion of the feet which gives to that base the greatest ex- 
tent. But this becomes a problem of pure geometry, 
which might be thus expressed : TxiH) lines ad and bc (fig. 
31 pi. 6) of eqiial length, and moveable around the points a 
and B, as centres, being given; to determine their position 
when the trapezium or quadrilateral abcd is the greatest 
possible. This problem may be solved with the greatest 
facility, by methods well known to geometricians; and 
from the solution the following construction is deduced. 

On the line a d (fig. 3(2 pi. 6), equal to ad, or bc, con- 
struct the isosceles triangle ah d, rigbtangled at h ; and 
make ak equal to ah. Having then assumed ai equal to 
one half of ag, or one fourth of ab, draw the line ki, and 
make ifi equal to ik : on ge if an indefinite perpendicular, 
intersecting in d, the circle described from the point a as 
a centré, with the radius ad, be then raised, the point d, 
or the angle dae, will determine the position of ad^ and 
consequently of bc. If the line ab, and consequently ag 
or AI, be nothing, or vanish, ae will be found equal to 
AH ; and the angle dae will be half a right one. Thus, 
when the heels absolutely touch each other, the angle 
which the longitudinal lines of the soles of the feet ought 
to form, is half a right one, or nearly so, on account of the 
small distance which is then between the two points of 
rotation, in the middle of the heels. 

If the distance ab is equal to ad, the angle dae ought 
to be 60 degrees; if ab is equal to twice ad, the angle 
dae ought to be nearly 70 degrees ; and in the last place, 
if AB be equal to 3 times the hne ad, it will be found that 
DAE ought to bc nearly 74** 30'. 

It is hence seen, that in proportion as the feet are at a 
greater distance from each other, their direction, in order 
to stand or walk with more stability, ought to approach 

e2 
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nearer to parallelism. But^ in general, mechanical principles 
accord with what is taught by custom and gracefulness, as 
it is called ; that is to say, to turn the toes outwards. 

PROBLEM XXXV. 

Of the game of BUliaris. 

It is needless to explain here the nature of billiards. It 
is well known that this game is played" on a table covered 
with green cloth, properly stretched, and surrounded by 
a stuffed border, the elasticity of which forces back the 
ivory balls that impinge against it. The winning strokes 
at this game, are those which, by driving your ball against 
that of your adversary, force the latter into one of the holes 
at the corners, and in the middle of the two longer sides, 
which are called pockets. 

The whole art of this game then consists in being able to 
know in what manner you must strike your adversary's ball 
with your own, so as to make it fall into one of the pockets, 
without driving your own into it also. This proAlem, and 
some others belonging to the game of billiards, may be 
solved by the following principles. 

1st. The angle of the incidence of the ball against one 
of the edges of the table, is equal to the angle of re- 
flection. 
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point where it intersects the surface of the ball, on the 
side opposite to or farthest from the pocket, will be that, 
where it ought to be touched , in order to make it more in 
the required direction. If we then suppose the above line 
continued from one of the radii of the ball, the point o, 
where it terminates, will be that through which the im- 
pinging ball ought to pass. It may be readily conceiyed, 
that it is in this that the whole dexterity of the game con- 
sbt^: nothing being necessary, but to strike the ball in a 
proper manner. It is easy to see what ought to be done, 
but it is not so easy to perform it. 

In the last place, it is evident from what has been said, 
that provided the angle nob exceeds a right angle ever so 
little, it is posnble to drive the ball m into the pocket. 

II. To strike the ball by reflection. 

The ball m (fig. 84 pi. 7} being concealed, or almost 
concealed, behind the iron, in regard to the ball n, so that 
it would be impossible to touch it directly, without run- 
ning the risk of striking the iron and failing in the attempt; 
it is necessary, in that case, to try to touch it by reflection* 
For this purpose, conceive the line mo, drawn perpen- 
dicular from M to the edge dc, to be continued to 971; so 
that 6 m shall be equal to om. If you aim at the point 
9n, the ball n, after touching the edge dc, will strike the 
baUx. 

If it were required to strike the ball m (fig. 35 pi. 7) by 
two reflections, the geometrical solution, in this case, is as 
follows. Conceive the line mo, drawn perpendicular from 
the point m, to the edge bc, to be continued till o m be- 
come equal to om. Conceive also the line m p, drawn 
perpendicular from the point m to the edge continued, to 
be continued to ^, until p ^ be equal to p 97»; if the ball N 
be directed to the point f , after impinging against the 
edges DC and cb, it will strike the ball m. 
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To those, în the least acquainted with geometry, tlïc 
demonstration of this problem will be easy. 

UI. If a ball strikes against another in any direction what" 
every what is the direction of the impinging ball after the 
shock? 

It is of importance, at the game of billiards, to be able 
to know what will be the direction of your own ball after 
it strikes that of your adversary obliquely; for every one 
knows that it is not sufficient to have touched the latter^ 
or to have driven it into the pocket ; you must also pre- 
vent your own from falling into it. 

Let M and n (fig. 36 pi. 7) be the two balls, the latter 
of which is to strike the former, touching it in the point 
o. Through this point o, let there be drawn the tangent 
op; and through the centre n, of the ball n, when it 
arrives at the point of contact, draw or conceive to be 
drawn n p, parallel to op : the direction of the impinging 
ball, after the shock, will be n p. A bad player would 
here be infallibly lost; and indeed this is often the case in 
this position of the balls. Expert players, when they find 
that they have to do with novices, often give them this 
deceitful chance, which makes them lose, by driving their 
ball into one of the corner pockets. In this case you must 
Hot take the ball of your adversary by halfis, according to 
the technical term of the game, to drive it to one of the 
corners at the other end of the table; for in doing so, you 
will not fail to lose yourself in the other corner. 

Remark. — In reasoning on this game, we set out from 
common principles; but we must confess that we have 
some doubts on this subject, the reason of which we shall 
here explain. 

If the balls had only one progressive movement for- 
wards, without rotation around their centres, the above 
principles would be evidently and sufficiently demon- 
strated. But every one knows that, independently of this 
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progrosive motion of the centre, a billiard ball rolls on 
the table in a plane which is perpendicular to it. When 
a ball then touches the edge, and is repelled with a force 
nearly equal to that with which it impinged, it would ap- 
pear that this motion ought to be compounded of the 
rotary motion it had at the moment of the shock, and that 
which it has in a direction parallel to the edge. But since 
the first of these motions compounded with the latter, 
gives the angle of reflection equal to the angle of inci- 
dence, what then becomes of the second , which ought to 
alter the first result ? In our opinion this is a dynamical 
problem, which has never yet been solved, though it do- 
•erves to be so. 

However, this rotary motion, in certain circumstances, 
gives a result which seems contrary to the laws of the im« 
pinging of elastic bodies ; for according to this law, when 
an elastic body impinges directly and centrally against 
another which is equal to it, the first ought to stop, in con- 
sequence of having communj^ted, as is supposed, all its 
velocity to the second. But at the game of billiards, this 
does not take place ; for here the impinging ball continues 
to move, instead of stopping short. This effect is partly 
a consequence of the motion of the impinging ball around 
its centre; a motion which subsists in a great measure 
after the shock, and it is this motion partly which makes 
the ball still move forwards. Another cause of the striking 
•balPs moving forward, is the want of perfect çlasticity in 
them both, on which account that ball still retains some 
portion of its direct forward motion, the other ball, which 
is struck, receiving the rest of the motion. 

PROBLEM XXXVl. 

To construct a Water Clock. 
This name is given to a clock shaped like a drum or 
barrel, as abgd, (fig* 37 pi* S), made of metal well soldered, 
and pot in motion by a cçrtwi quantity of water contained 
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;:H^ water behind the partition d, is to throw back the 
cyjiitre of gravity, so that if it were on this side the vertical 
hue Ki continued, the cylinder would revolve from d to b^ 
in order to be in that vertical; and in this position the 
machine would remain in equilibrio, if the water could not 
proceed from the one cavity to the other ; for the cylinder 
cannot revolve in the direction agf» without making the 
centre of gravity ascend towards d : in the like manner it 
cannot revolve in the direction bcd, without the centre 
rising on the opposite side. The machine must then re- 
main in equilibrio^ until something is changed. 

But, if the water flows gradually through the hole in the 
partition o, which is between the cells d and e, it is evi« 
dent that the centre of gravity will advance a little beyond 
KI continued, and the machine will imperceptibly revolve 
in the direction aof; and since by descending in this 
manner, the centre of gravity is thrown towards the verti- 
cal line KI produced, the equilibrium will at the same time 
be restored, and this motion will continue until the whole 
of the cord be unrolled from the axis. This movement 
indeed will not be altogether uniform; for it is evident 
that when the water is almost entirely behind the partition 
D, the cylinder will revolve faster than when it has nearly 
flowed qS; and the periods of these inequalities during a 
whole revolution of the cylinder will be equal in number 
to the cells ; a circumstance which seems not to have been 
observed by those who have written on clocks, of this 
kind. : 

To have an exact division of time by these means, it 
will therefore be necessary to make a mark on the cir- 
cumference of the cylinder. If the machine be then wound 
up as high as possible, and disposed in such a manner th^t 
the mark shall be at the top of the cylinder, you will have 
a good clock, with which you must mark, during a whole 
revolution, the points of the hours elapsed. But care must 
be taken that the number of hours shall be an integer 
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mimber, as 2, H, 6, Sec ; and for that purpose the move- 
fixent of the machine must be retarded or accelerated till 
the proper precision has been obtained; otherwise it might 
6rr some minutes, and perhaps a quarter of an hour. How 
this movement may be accelerated or retarded, we shall 
show hereafter. 

In the last place, in winding up the clock, care must be 
taken that when the axis is placed opposite to the first 
division, the 'mark made in the cylinder shall be in the 
same position; otherwise there may be an error, as already 
said, of some minutes. We shall now add some useful 
observations in regard to this object. 

I. It is absolutely necessary that the water employed be 
distilled water ; otherwise it will soon become corrupted, 
so as to stop up the holes through which it ought to flow ; 
and the machine will consequently stand still. 

IL The substance most proper for constructing the 
cylinder of these machines, is gold or silver; or, what is 
cheaper, copper well tinned on the inside, or even tin 
itself. 

III. This machine is apt to go a little faster in summer 
than in winter, and therefore ought to be regulated from 
time to time, and retarded or accelerated. For this pur- 
pose, it will be necessary to add to it a small weight as a 
counterpoise, tending to make it revolve outward. This 
weight ought to have the form of a bucket (fig. 39 pi. 8); 
and to be of some light substance, so that it can be charged 
more or less by means of small drops of lead. To ac- 
celerate the machine, two or three drops^ of lead may be 
added ; and when it is necessary to retard it, they may be 
removed; which will be much more convenient than add- 
ing or taking away water. 

IV. The place where the axis passes through the cylinder 
must be well cemented ; otherwise the water would 
gradually evaporate, by which means the machine would 
be continually retarded, and at length would stop» 
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y. Notwithstanding all these precautions, it maj be 
readily seen^ that a machine of this kind is rather an object 
of curiosity^than calculated to measure time vnth accuracy. 
It may be proper for the cell of a convent, or a cabinet of 
mechanical curiosities ; but it will certainly never be used 
by the astronomer. * 

VI. The inventor of this kind of clock is tiot known. 
Ozanam, who wrote in 1693, says that the first seen at 
Paris about that period had been brought from Burgundy; 
and he adds that father Timothy, a Barnabite, who ex- 
celled in mechanics, had given to this machine all the per* 
fection of which it was susceptible. This monk had con- 
structed one about 5 feet in height, which required wind- 
ing up only once a month. Besides the hours, which were 
marked on a regular dial plate, at the top of the frame, it 
indicated the day of the month, the festivals throughout 
the year, the sun's place, and his rising and setting, as well 
as the length of the day and night. This was performed 
by means of a small figure of the sun, which gradually 
descended, and which, when it reached the bottom of the 
frame, was raised to the top at the end of every month. 

Father Martiheili has treated, at great length, on these 
clocks, in an Italian work, entitled Horologi Elementari, 
in which he delivers methods of making clocks by means 
of the four elements, water, earth, air, and fire. This 
work was printed at VeuTce, in 166S, and is very rare. 
The author shows in it how striking machinery may be 
adapted to a water clock ; with other curiosities, which 
are sometimes added to common clocks. 

PROBLEM XXXVII. 
MECHANICAL PARADOX.. 

Hew equal weights placed at any distance from the point of 
support of a balance^ shall be in equiUbrio. 

Provide a frame in the form of a parallelograAi, such as 
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BEFG (fig. 40 pi. 8), constructed of four pieces of wood, 
joined together in such a manner as to move freely at the 
angles, so that the frame can change its rectangular form, 
iojto that represented by the letters tfg d. The long sides 
ought to be about twice the length of the others. Tbi% 
frame is inserted in a cleft formed in the perpendicular 
stand BCy so as to be moveable on the two points land h, 
where it is fixed in the stand by two small axes: in thet 
last place, two pieces of wood, mn and kl, pass througb 
the shorter sides, in which they are well fized^ and the. 
whole apparatus rests on the stand ab. 

Now if the weight p, be suspended from the point m^ 
which is almost at the extremity of the arm mn, the most, 
distant from the centre or centres of motion ; and if the 
weight Q, equal to the former, be suspended from aoy. 
point B, of the other arm kl, nearer the centre, and evea 
within the frame, these two weights will always be in equi- 
librio; though unequally distant from the point of support 
or of motion in this kind of balance ; and they will re- 
main so, whatever situation may be given to the machine,^ 
^isefdg. 

The reason of this efiect, which at first seems to con- 
tradict the principles of statics, is however very simple^ 
For two equal bodies will be in equiUbrio, whatever mov^ 
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PBOBLEM XXXVHI. 

Whai vêheity must be given to a machine ^ moved hjf water ^ 
m order that it may produce the greatest effect ? 

That this is not a matter of iiidifiference, will readily 
appear from the following observation. If the wheel 
mored with the same velocity as the fluid, it would expe- 
rience no pressure ; consequently the weight it would be 
capable of raising would be nothing, or infinitely small. 
On the other hand, if it were immoveable, it would expe^ 
rience the whole pressure of the current ; but in this case 
there would be an equilibrium, and as no weight would be 
raised, there would consequently be no effect. There is 
therefore a certain mean velocity, between that of the 
current and no velocity at all, which will produce the 
greatest effect — an effect proportional, in a given time, to 
the product of the weight multiplied by the height to 
which it is raised. 

We shall not here give the analytical reasoning which 
conducts to the solution of the problem: We shall only 
observe, that in a machine of the above nature, the velo- 
city of the wheel ought to be equal to a third part of that 
of the current. Consequently die resistance or the weight 
must be increased, until the velocity be in this ratio. Thtt 
machine will then produce the greatest effect possible. 

Remark. — The above proportional part, viz, one third, 
is an old error which has been properly corrected by a 
late author, who has shown, both theoretically and practi- 
cally, that the water wheel works with the greatest effect, 
when its velocil^ is equal to half the velocity of the stream 
Which turns it. See the Transactions of the American 
Philosophical Society, vol. 3. p. 144; or Dr. Button's 
Dictionary, vol. 2, under the word Mill. 

PROBLEM XXXIX. 

What is the greatest number of float-boards ^ that ought to be 
implied to a wheel moved by a current of water ^ in ord& 
tonwke it produce the greatest effect? 
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It was long believçd that the float-boards of such a 
wheçl ought to be so proportioned, that when one of them 
was in a vertical posution, or at the middle of its iuuner- 
sipu» ihe next one should be just entering the water» A 
great many reasons were assigned for this mode of con- 
struction^ which however are contradicted by calculation^ 
9» well ^ by experience. 

It is now demonstrated, that the more float-boards such 
a wheel has, the greater and more uniform will be its ef<* 
feet* This result is proved by the researc^ oi tbe abbé 
de Valernod, of the academy of Lyons, aiid those of M. 
du Petit- Vandin, to be found in the first volume of the 
Mémoires des Sçavans Etrangers, 

The abbé Bossut, who examined, by the help of expe- 
riments, the greater part of the hydraulic theories, has 
demonstrated also the same thing. According to the ex- 
periments which he made, a wheel furnished with 48 
float-ji)Qards, produced a much greater effect, than one 
furnished with 24; and the latter a greater effect than 
one with 12; their immersion in the water being equal. 
M* du Petit- Vandin therefore observes, that inf^Janders, 
where running water is so exceedinglj'- scarce, as to render 
it necessary to turn it to the greatest. pQssible advantage, 
the wheels of water-mills are furnished with 3£ float- 
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pable of presenting greater resistance to being broken: 
this hbiiiic»Fer would be a mistake. 

Galileo, who first examined mathematically the resistance 
tji solids to being broken by a weight, has shown that the 
kollow cylinder will present the most resistance; and that 
this resisàmce wiU be greater- in the transverse direction, 
according as the hollow part is greater. He even shows, 
from a theory which approaches very near the truth, that 
the resistance of the hollow cylinder wiU be to that of the 
solid one, as the whole radius of the hollow is to that of 
the solid. Thus the resistance of a hollow cylinder, hav- 
ing as much vacuity as solid, will be to the resistance of a 
solid one, as ^2 to 1, or as 1*141 to 1*000; for the radius 
of the former will be ^2, while that of the latter is unity. 
The resistance of a hollow cylinder, having twice as much 
vacuity as solid, will be to a solid one, as VS to 1, or bs 
1*73 to 1*00; for their radii will be in the ratio of \/ 3 to I» 
The resistance of a hollow cylinder, the solidity of which 
forms only a 2€th part of the whole volume, will be to tba^ 
of a solid cylinder of the same mass, as y^21 to 1, or as 
4*31 to 1*00; and so on. 

Remabk. — It may be readily observed, and Galileo 
does not foil to take notice of it, that this mechanism is 
that which nature, or its Supreme Author, has employed 
on various occasions to combine strength with lightness- 
Thus the bones of the greater part of animals are hollow : 
by being soUd, with the same quantity of matter, they 
would have lost much of their strength ; or to give them 
the same power of resistance, it would have been neces- 
sary to render them more massy ; which would have les- 
sened the facility of motion. 

The stems of many plants are hollow also, for the very 
same reason. In the last place, the feathers of birds, in 
the formation of which it was necessary that great strength 
should be united with great lightness, are also hollow : 
and the cavity even occupies the greater part of Ûïér 
whole diameter ; so that the sides are exceedingly thin. 
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PROBLEM XLI. 

To construct a lantern^ which shall give light at the bottom 
of the water. 

This lantern must be made of leather, which will resist 
the waves better than any other substance ; and must be 
furnished with two tubes, having a communication with 
the air above. One of these tubes is destined to admit 
fresh air for maintaining the combustion of the candle or 
taper ; and the other to serve as a chimney, by affording 
a passage to the smoke: both must rise to a sufficient 
-height above the surface of the water, so as not to be ca> 
'Vered by the waves when the sea is tempestuous. It may 
•be readily conceived, that the tube which serves to admit 
•fresh air, ought to communicate with the lantern at the 
bottom; and that the one which serves as a chimney, must 
•be connected with it at the top. Any number of holes at 
•pleasure, into which glasses are fitted, may be made ia the 
kather of which the lantern is constructed ; and by these 
•means the light will be diffused on all sides. In the last 
place, the lantern must be suspended from a piece of cork, 
that it may rise and fail with the waves. 

A lantern of this kind, says Ozanam, might be employed 
for catching fish by means of light; but this method of 
fishing has, in some countries, been wisely forbidden under 
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serted. These second pivots must be made to turn in two 
holes diametrically opposite in a second circle ; and this 
second circle must likewise be furnished with two pivots^ 
inserted in some concave body, proper to serve as a co* 
▼ering to the whole lamp. 

It may be readily seen that, by this method of suspen- 
sion, whatever motion be given to the lamp, unless too 
abruptly^ it will always maintain itself in a horizontal 
position. 

This method of suspension is that employed for the 
mariners compass, so useful to navigators ; and which must 
always be preserved in a horizontal situation. We have 
read in some author, that Charles the 5th caused a carriage 
to be suspended in this manner, to guard against the 
danger of being overturned, 

PROBLEM XLIII. 

Method of constructing an anemoscope and an anemometer. 

These two machines, which in general are confounded, 
are not however the same. The anemoscope serves for 
pointing, out the direction of the wind, and therefore, 
properly speaking, is a weather-cock; but in common 
this term is used to denote a more complex machine, which 
indicates the direction of the wind by means of a kind of 
dial plate, placed either on the outside of a house, or in 
an apartment. In regard to the anemometer, it is a ma- 
chine which serves to indicate, not only the direction, but 
the duration and force of the wind. 

The mechanism of the anemoscope is very simple. (Fig. 
41 pi. 9). In consists, in the first place, of a weather- 
cock, raised above the building, and supported by an axis, 
one end of which, passing through the roof, is made to 
turn in a socket fitted to receive it, and with such facility 
as to obey the least impulse of the wind. On this axis is 
fixed a crown wheel, the teeth of which being turned 
downwards, fit into those of a vertical wheel, exactly of 
the same size, placed on a horizontal axis, which at its in- 

VOL. II. F 
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tensity is furnished with an index. It is hence evident^ 
that when the vane makes one turn, the index will make 
one exactly also. If this index then be placed in such a. 
manner as to be vertical, when the wind is north ; and if 
care be taken to observe in what direction it turns when it 
changes to the west, it will be easy to divide the dial-plate 
into 32 points. 

An anemometer, if it be required only to measure the 
intensity or force of the wind, may be constructed with 
equal ease. We would propose the following. Let ab 
(fig. 42 pi. 9) be an iron bar, fixed in a horizontal direc- 
tion to the vertical axis of a vane. The extremities of this 
bar, which are bent at right angles, serve to support a 
horizontal axis, around which turns a moveable frame. 
ABCD, of a foot square. To the middle of the lower side 
of the frame is fastened a very fine but strong silk 
thread, which passes over a pulley f, fitted into a cleft in 
the vertical axis of the vane, whence it descends along 
the axis to an apartment below the roof. The distance 
OF must be equal to oe. To the end of the silk thread is 
suspended a small weight, just sufficient to keep it stretched. 
When the frame which, by the turning of the vane, will 
be always presented to the wind, is raised up, as will be 
the case, more or less, according to the force of the wind, 
the small weight will be raised up also, and will thus in- 
dicate, by means of a scale adapted to the axis of the 
vane, the strength of the wind. It may readily be per-., 
ceived that the force of the wind will be equal to zero, or 
nothing, when the small weight is at its lowest point ; and 
that its maximum, or greatest degree, will be when it is 
at its highest, which will indicate that the wind keeps the 
frame in a horizontal position, or very nearly so. 

The force of the wind, according to the different incli- 
nation of the frame, may be determined with still gpreat^ 
precision : for this force will always be equal to the abso-., 
lute weight of the frame, (which is known) multiplied by 



ANBMOSCOfK AND ANKMOMETEB* 6? 

the nneof the angle which it makes with the vertical line, 
and divided by the' square of the same angle. Nothing 
then will be necessary, but to ascertain, by the motion of 
the small weight affixed to the thread efp, the inclination 
of the frame. But this is easy; for it may be readily seen 
that the quantity Which it rises above the lowest point, 
Will always be equal to the chord of the angle formed by 
the frame with the vertical plane, or to double the sine of 
the half of that angle. The extent therefore of this angle 
iilay be marked along the scale, and also the force of the 
wind, calculated according to the foregoing rule. 

In the Memoirs of the Academy of Sciences, for the 
year 17S4, may be found the description of an anemome- 
ter, invented by M. d'Ons-en-Bray, to indicate at the 
same time the direction of the wind, its duration in that 
direction, and its strength. This anemometer merits that 
we should here give some idea of it. 

It conrists of three parts, viz, a common clock, and two 
other machines, one of which serves to mark the direction 
of the wind and its duration ; the other to indicate its 
force. 

The first of these machines consists, like the common 
anemoscope, of a vertical axis bearing a vane, which by 
means of some wheels indicates, on a dial-plate, from whs^ 
quartet the wind blows ; the lower part of this axis passes 
through a cylinder, in which are implanted 32 pins, in a 
spiral line; and these pins, by the manner in which they 
present themselves, press against a piece of paper, pro- 
perly prepared and stretched, between two vertical co- 
lumns or axes, on one of which it is rolled up, while it is 
unrolled from the other. This rolling up and unrolling 
are performed by tiie simultaneous motion of two axes, 
which are made to move by the clock above mentioned. 
it may now be readily conceived that, according to the 
position of the vane, one of the pins will present itself to 
the prepared paper, and by pressing gently against it will 

p2 



ANEV 



tensity is furn\M 
that when the 
one exactly a- 
manner as t< ' 
care be taki. 
changes to tî 
into 32 poi: 
An anci:; 
intensity r.- 
equal cas 
(fig. 42 p^ 
tion to ti: 
bar, whi 
horizorn 

ABCD, ^ 

of tlic 
thread 
the vi 
the a: 
OF u> 
suspt 

wni. 

be. 

the 



^^ ui .lulicate the dura- 

^^^jtuf pins make a mark, 

^ ..i4i aie wind followed 

iti^ indicates the force 

* jsit the Polish manner^ 

^ me wind is stronger. 

.*a A wheel that drives a 

-fsun number of turns, 

japer, having a motion 

^^^^,st above described. The 

" ^ ji: which is marked by a 

^ ^» mis moveable paper, de- 

"^ t rather the velocity of the 

.J. -learly i^n the same propor- 

^wonatioa of the mechanism, 

> ji the Academy of Sciences, 

.,j.M will not allow us to give 

.k .1 in this place. 

^ois of anemometers have 
,»iuiicries. Of several of these 
^1»,. with their figures and the 
ui Dr. Button's Dictionary, 

V>BMOMET£R, RESISTANCE, 




ST2ELYARDS. 69 

The first of these steel yards is represented fig. 43 pi. 9. 
It consists of a metal tube ab, about 6 inches in lengthy 
and 8 lines in diameter, a section of which is here given^ 
to show in the inside of it a spiral steel spring. The upper 
end A, is pierced with a square hole, to afford a passage to 
a metal rod, which is also square ; and which passes through 
the spring, so that it is impossible to draw it upwards with, 
•out compressing the spring against the upper end within 
•the tube. To the lower part of the tube is affixed a hook^ 
from which the body to be weighed is suspended. 

It is here evident, that if bodies of different weights be 
applied to the hook, while the steel-yard is suspended by 
•its ring, they will draw down the tube more or less, by 
forcing the upper end of it against the spring. The rod 
therefore must be divided, by suspending successively from 
the hook different weights, such as one pound, two pounds, 
&c, to the greatest which it can weigh ; and if the part of 
the rod drawn out of the tube each time be marked by a 
line, accompanied with a figure denoting the weight, the 
instrument will be complete. When you intend to use it, 
nothing is necessary but to put your finger into the ring, 
to raise up the article you intend to weigh, suspended 
from the iiook, and to observe, on the divided face of the 
rod, the division exactly opposite to the edge of the hole; 
the figure belonging to this division will indicate the num- 
ber of pounds which the proposed body weighs. 
• The second steel-yard consists of two bars, placed back 
to back, or of a single one abode bent in the form seen 
fig. 44 pi. 9. The part ab is suspended by a ring from a 
strong beam, and the part de terminates in a hook at e, 
from which the articles to be weighed are suspended. To 
the part ed is axed a rack, fitted into a pinion, connected 
with a wheel, the teeth of which are fitted into another 
pinion, having on its axis an index ; and this index makes 
just one revolution, when the weight of 3000 pounds is 
suspended from the hook e« For it may be readily seen. 
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that when any weight is suspended from b^ the spring ^CB 
must be more or less stretched ; this will give motion to 
the rack i>f, and the latter will turn the pinion into which 
it is fitted ; and consequently will giv&motipn to the wbed 
and second pinion, having on its axis the index. It is alsp 
evident, that in constructing the machine, such a force may 
be given to the spring, or its wheels may be combined in 
such a manner, that a determinate weight, as 3000 poaqdl^ 
shall cause the index to perform a complete revolutiofli. 
The centre of motion of this index is in the centre of n 
circular plate, marked with the divisions, that serve to in- 
dicate the weight. These divisions must be formed by 
suspending, in succession, weights less than the greatesl^ 
in the arithmetical progression, as 29 hundred weight, 98» 
27, &c. This will give the principal divisions, which with-- 
out any considerable error may be then subdivided iot^ 
equal parts. 

When the instrument is thus constructed ; then to find 
the weight of any article that weighs less than 3000 poundp, 
nothing is necessary but to suspend it to the hook s ; and 
the index will point out, on the circular plate, its weight 
in quintals, or hundreds, quarters, and pounds. 

Remabk.— It may be proper here to observe, that tlàfi 
method of weighing cannot be perfectly exact, unless we 
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ïhe reader may observe^ 1st. Two large wheels^ which 
ought to be about 44 inches in diameter ; the circumfer- 
ence of these wheels consists of one piece ; it is covered 
with one piece of iron, and ought to be pretty broad, that 
Ibey may sink less into the ground. 

2d. At the distance of about two thirds of each jspoke, 
lirom the nave of the wheel, is applied a roller, an inch in 
thickness, and turning on an axis, one end of which is fixed 
in the spoke, and the other in a flat circular piece of iron, 
which by means of nuts and screws serves to keep all the 
rollers in their places. 

3d. On each shaft, beyond the place where it is crossed 
by the axis of the two wheels, is fixed a piece of iron, 
isbaped like a fork, which serves to support the axis of a 
'6rank, having at its extremity a wheel with 4 teeth, cut 
mto the form of an epicycloid. These teeth are fitted into 
the rollers above mentioned, and serve to turn the wheel; 
The arm of the crank ought to be only 8 or 9 inches in 
length. 

4th. A plan of the same things is represented fig. 46. 
It exhibits the form of the shafts or frame, consisting of 
two parallel pieces of wood, a Uttle concave on the upper 
side, kept together behind by a turned bar of wood, and 
before by a piece of iron. These two cross pieces serve 
to support the two springs, on which are placed a small 
easy chair, furnished with cushions, and a step for the feet. 
If required, it may be fitted with an umbrella. It ought 
to stand a little backwards, that the weight of the person 
)nay not throw the carriage forward. To the lower part 
cS the foot step is fixed a piece of bent iron, which in case 
the machine should incline forward, may serve to keep it 
back by resting against the floor. To maintain it firm 
behind, a small wheel is connected with the middle of the 
tross bar of the frame, by a mechanism similar to that of 
bed-rollers; the vertical axis of which, for t||^ greater 
-fitrengtb, passes through a bar of iroa fixed %q the axis of 
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ing, moved two pieces of wood, fitted into toothed wheels 
fixed to the axis of the large wheels. But this mechanism 
is so badly explained by Ozanam, both in the description 
and the figure, that no one can understand it ; for this rea- 
son we have thought proper to make a total change in this 
article, as we have done in many others equally defective 
both in the form and the matter. 

PROBLEM XLVI. 

Method of constructing a small figure^ which when left to 
itself descends ^dong a small stair on its hands and its 
feet. 

This small machine, the mechanism of which is very in- 
genious, was a few years ago brought from India. It is 
calied the tumbler, because its motion has a great re- 
semblance to that of those performers at some of the pub- 
lic places of amusement, who throw themselves backwards 
resting on their hands ; then raise their feet, and complete 
the circle by resuming their former position ; but the figure 
<»n perform this movement only descending, and along 
a sort of steps. ' The artifice of this small machine, is as 
foUows: 

AB (Plate xi fig. 47) is a small piece of light wood^ 
about 2 inches in length, 2 lines in thickness, and 6 in 
breadth. At its two extremities are two holes c and d, 
which serve to receive two small axes, around which the 
legs and arms of the figure are made to play. At each 
e^ctremity of the piece of wood there is also a small recep- 
tacle, of the form seen in the plate, viz, nearly concentric 
with the holes c and d ; having an oblique prolongation 
towards the middle of the piece of wood, and from the 
ends of these two prolongations proceed two grooves og 
and vf formed in the thickness of the wood, and nearly a 
line in diameter. 

Quicksilver being put into one of these receptecles till 
it is nearly full, they are both closed up by means of very 
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Jîgkl {Mces of pasteboard, applied on the sides. To the 
axis, passing through one of the holes c, are affixed tW6 
Mpporters, cut into the form of legs, with feet somewhat 
lengthened, to give them more stability. And to the ùÙéA 
axis, passing through n, are affixed two supporters, shaped 
like arms, with their hands placed in such a manner as to 
become abase, when the machine is turned backwards. In 
the last place, to the part gh is applied a sort of head and 
visage, made of the pith of the elder tree, and dressed after 
the manner of tumblers. A belly is constructed of the same 
substance, and the whole figure is clothed in a silk dress, 
which descends to the middle of the thighs. Having thus 
given a general account of the construction of this small 
machine, we shall now proceed to explain its mode of action. ' 
Let us first suppose the machine to be placed upright 
on its legs, as seen fig. 48, or 49 No. 1. As all the weight 
is on one side of the axis of rotation c, because the recep^ 
tacle of the quicksilver on that side is filled, the machiné 
must incline to that side, and would be thrown entirely 
backwards, did not the arms ot supporters, turning around 
the axis d, present themselves in a vertical direction ; but 
as they are shorter than the legs, the machine assumes the 
position represented fig. 49 No. £ ; and the quicksilver, 
finding. the small groove g^, inclined to the horizon. 




THE TUMBLEB. 75 

the small groove f/» from the one receptacle to the other^ 
the base must make a jump double in height to the differ* 
ence of these supporters ; otherwise the line yJ^ instead 
of assuming a horizontal position, would remain inclined 
in a direction contrary to that which it ought to have. 

The machine having then attained to the situation dl^ 
fig. 49 n*. 3, and the quicksilver having passed into the 
receptacle on the side c ; it is evident that the same me- 
chanism which will raise it up, by making it turn round 
the point c, will overturn it on the. other side, where the 
two suppoi;ters, which revolve round the axis c, present it 
a base : this will make it resume the position of fig. 49 
n*. 2 : and so on. Hence this motion will be perpetual^ 
as long as the machine meets with steps like the first. 

Remabks. — Some particular conditions are required in 
order that the supporters of the small figure, that is, its 
legs and arms, may present themselves in a proper manner^ 
to keep it in the position in which it ought to be. 

1st. It is necessary that the great supporters, or legrs, 
when they have arrived at that point at which the figure^ 
after having' thrown itself topsy turvy, rests upon them, 
should meet with some obstacle, to prevent them or the 
figure from turning any more : this may be done by two 
small pegs, which meet a prolongation of the thighs. 

2d. While the figure is raising itself on its legs, it is 
necessary that the arms should perform, on their axis, a 
semi-revolution ; that they may present themselves per- 
pendicular to the horizon, and in a firm manner, when 
the figure throws itself backward. This may be accom- 
plished by furnishing the arms of the figure with two small 
pulleys, concentric to the axis of the motion of these arms, 
over which are conveyed two silk threads, that unite under 
the belly of the figure, and are fixed to a small cross bar^ 
jmniug the thighs towards the middle: tins will greatly' 
contribute to their stability. These threads msMk te 
kngtbened, or shortened, till this sensHrewlotioo 4sf the 



76 WONOEBFUL CASK. 

arms is exactly performed ; and until the figure, when 
placed on its four supporters, with its face turned either 
iip or down, does not waver; which it would do if these 
supporters were not bound together in this manner; and 
^ if the large ones, or legs, did not meet with an obstacle to 
prevent them from inclining any farther. 

PROBLEM XLVII. 

To arrange three sticks, on a horizontal plane, in suck a 
manner, that while the lower extremities of each rest en 
that plane, the other three shall mutually support each 
other in the air. 

This depends merely on a little mechanical address, and 
may be performed in the following manner. 

Take the first stick ab (fig. 50 pi. 11), and rest the end 
a' on the table, holding the other raised up, so that the 
stick shall be inclined at a very acute angle. Place above 
it the second stick, with the end c resting on the table. 
And then dispose the third stick ef, in such a manner, 
that while the end e rests on the table, it shall pass below 
the stick ab, towards the upper end b, and rest on the 
stick CD. These three sticks, by this arrangement, will 
be so^connected with each other, that the ends d, b and f 
will necessarily remain suspended, each supporting the 
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B, Ty o^ each conveyed into its cell, must be fitted into 
the bung; and within this funnel must be placed another 
H) pierced with three holes, which may be made to corre- 
spond, at pleasure, with the apertures of each pipe*. If 
each hole, in the interior funnel h, be made to correspond, 
in succession, by turning it, with the aperture of the pipe 
to which it belongs, the liquor poured into the funnel h, 
will pass into that pipe. In this manner each cell may be 
filled with the liquor intended for it, without one of them 
being able to mix with the rest; because when one pipe is 
open, the other two are shut. - 

But, to draw off each liquor also, without confusion, at 
the bottom of the cask, there must be three other pipes 
K, L, M, each corresponding to a cell ; and a kind of cock 
IN, pierced with three holes, each corresponding to its 
pipe, that by turning the stopper of the cock i, until one 
of these holes is brought opposite to its pipe, the liquor 
of the cell, to which that pipe belongs, may issue alone 
through it. 

PROBLEM XLIX. 

To make a soft bodi/, such as the end of a candle^ pierce a 

board. 

Load a musket with powder, and instead of a ball put 
over it the end of a candle; if you then fire it against a 
board, not very thick, the latter will be pierced by the 
candle-end, as if by a ball. 

The cause of this phenomenon, no doubt, is that the 
rapid motion with which the candle-end is impelled, does 
not allow it time to be flattened, and therefore it acts as a 
hard body* It is the effect of the inertia of the parts of 
matter, as may be easily proved by experiment. Nothing 
is easier to be dividend than water ; yet if the palm of the 
hand be struck with some velocity against the surface of 
water, a considerable degree of resistance, and even of 
pain^ is experienced from it^ i» if a bard body had been 
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strack. Nay^ a musket ball, when fired against water, ii 
repelled by it, and even flattened. If the mnsket is fired 
with a certain obliquity, the ball will be reflected; and 
after this reflection is capable of killing any person wh<^ 
may be in its way. This arises from a certain time being' 
necessary to communicate to any body a sensible motioiK 
When a body then moving with great velocity, meets with 
another of a size much more considerable, it experiences 
almost as much resistance as if the latter were fixed. 

PB03LEM L. 

Tv break a sticky placed on two drinking glasses^ by striking 
it with another stick, and without breakmg the glasses. 

We give this problem^ and the solution of it, merely 
because it is found in all the editions of the Mathematical 
Recreations ; but, to speak the truth, those who attempt 
to perform it, ought to supply themselves with plenty of 
glasses. However, the solution of it^ whether real or false, 
is as follows. 

The stick, intended to be broken, must neither be thick, 
nor rest with any great hold on the two glasses. Both its 
extremities must be made to taper to a point; and it 
ought to be of as uniform a size as possible, in order that 
its centre of gravity, which in this case will be in the 
middle, may be more easily known. 

TTie stick, supposed to possess all the above properties, 
must be placed with its two extremities resting on the 
edges of the glasses, which ought to be perfectly level^ 
that the stick may remain horizontal, and not inclined to 
one side more than another. Care also must be taken that 
the points only shall rest lightly on the edge of each glass. 
If a speedy and smart blow, but proportioned, as far as 
can be judged, to the size of the stick and the distance of 
the glasses, be then given to it in the middle, it will break 
in two, without either of the glasses being injured. 

REMABK.«-We are far from warranting the certainty 
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Qf this effsct: for, in our opinion, those who try the ex* 
périment, will break many glasses before they break the 
stick. There is however a physical reason, which renders 
the success possible ; and this reason is the same as that 
which causes a musket ball to pierce a weather-cock, or a 
door moveable on its hinges. The stick indeed, whem 
struck in the middle with a smart and sudden blow, can* 
not, on account of its mass, immediately acquire that 
motion necessary to yield to the impetuosity of the blow : 
it is strongly retained, as it were, by its extremities; and 
in that case will assuredly be broken. We must however 
repeat, that we would not advise any one to try the ex* 
périment, unless furnished with plenty of glasses. 

It might be tried however, in a manner less expensive, 
by making the extremities of the stick, destined to be 
broken, to rest on two small bits of wood, fixed perpen« 
dicularly on a stool or board. A person, after being 
exercised in this manner, might perform the experiment, 
with all that appearance of the marvellous, which it ac- 
quires when the stick is made to rest on two glasses. 

PROBLEM LI. 

On the principles by which the possible effect qf a machine 
can be determined. 

It is customary for quacks, and those who have not a 
sufficient knowledge of mechanics, to ascribe to machines 
prodigious effects, far superior to such as are consistent 
with the principles of sound philosophy. It may therefore 
be of utiUty to explain here those principles by which we 
ought to be guided, in order to form a rational opinion, 
respecting any proposed machine. 

Whatever may be the construction of a machine, even 
supposing it to be mathematically perfect, that is imma-. 
terial and without friction, its effect, that is to say, the 
weight put in motion, multiplied by the perpendicular 
hfBight tp which it may be laised» in a determinate time. 
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cannot exceed the product of the moving power, multi* 
plied by the space it passes over in the same time. Con^ 
séquently, since every machine is material, and as it is im* 
possible to get entirely rid of friction, which will neces* 
sarily. destroy a part of the power, it is evident*lhat the 
first product will always be less than the latter. Let ns 
apply this to an example. 

• Should a person propose a machine, which by the 
sitrength of one man applied to a crank, or the lever of a 
capstan, shall raise in an hour 3500 gallons of water, to 
the height of 24 feet ; we might tell him, that he was igno- 
rant of the principles of mechanics. 

For the strength of a man applied to a crank, or to draw 
or push any weight, is only equal to about 26 or 28 pounds, 
with a velocity at most of 11000 feet per hour; and he 
could labour no more than 7 or 8 hours in succession. 
Now, aà the product of 1 1000 by 28 is 308000, if this pro- 
duct be divided by 24, the height to which the water is to 
be raised, the quotient will be 12833 pounds of water, or* 
Q06 cubic feet = 1540 gallons raised to that height ; which 
makes about 60 gallons, per minute, to the height of 10 
feet. This is all that could be produced by such a power 
in the most favourable case. But the more complex the 
machine, the greater is the resistance to be surmounted ; 
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of such a machine, would be 450000 pounds, raised to the 
height of one foot, or 18750 to the height of 24 feet, or 
about 90 gallons, per minute^ to the height of 10 feet. By 
taking an arithmetical mean between 'this determination 
and the preceding, it will be found that the mean product 
possible of the strength of a man, employed to put in 
motion a hydraulic machine, is at most 75 gallons per 
minute; especially if continued for 7 or 8 hours in the 
day. 

If the power were to act only for a very short time, as 
3, 4, or 5 minutes, the product indeed might appear more 
considerable, and about double. This is one of the arti- 
fices employed by mechanicians, to prove the superiority 
of their machines. They put them in motion for some 
minutes, by vigorous people, who make a momentary 
effort, and thus cause the product to appear much greater 
than it really is. 

The above determination agrees pretty well with that 
given by Desaguliers in his Treatise on Natural Phi- 
losophy: for he assured himself, he says, b}' calculation, 
that the effect of the simplest and most perfect machines, 
put in motion by men, never gives, in the ratio of each 
man, above 72 gallons of water per minute raised to the 
height of 10 feet. 

A circumstance, very necessary to be known in regard 
to machines which are to be moved byiiorses, is as follows: 
a horse is equal to about seven men*, or can make an eiSFort 
in a horizontal direction of 210 pounds, moving with the 
velocity of 10000 or 11000 feet per hour, supposing he is 

* C. Régnier, in his description of the Dy nanometer, an instrument in- 
vented by him for the purpose of determining the relative strength of men 
and horses, published in the Journal de PEcoIc Polytechnique, vol. 3- p. 160, 
says, that from the result of all his experiments it appears, that the meaa 
term of the maximum of the strength of ordinary men, to raise a weight, is 
about 285 pounds arerdupois; which agrees with the experiments of Delà- 
hire, but which Desaguliers considered as too small. In regard to horses, 
he says, that by taking the mean results given by 4 horses, of tbc middle 

vol.. 11. o 
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to work 8 or 10 hours per day. Desaguliers eren gives 
kss, and thinks that the force of a man is to be only quin* 
tupled to find that of the horse. 

Those who are acquainted with these principles, will 
run no risk of being deceived by ignorant or pretended 
mechanicians ; and it is no small advantage to be able to 
avoid becoming the dupe of such men, whose aim is often 
to pick the pockets of those who are so simple as to listen 
to them. 

PROBLEM Lll. 

Of the Perpetual Motion. 

The perpetual motion has been the quicksand of me- 
chanicians, as the quadrature of the circle» the trisection of 
an angle, &c, have been that of geometricians: and as 
those who pretend to have discovered the solution of the 
latter problems are, in general» persons scarcely acquaint- 
ed with the principles of geometry, those who search for, 
or imagine they have found, the perpetual motion, are 
always men to whom the most certain and invariable truths 
in mechanics are unknown. 

size, subjected to trial one after the other^ the strength of ordinary horsM 
may be estimated at 794 pounds averdupois. 
In comparing the relative force of men with that of horfes» when the 
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It may be demonstrated indeed, to all those capable of 

reasoning in a sound manner on those sciences, that a 

perpetual motion is impossible: for, to be possible, it ip 

necessary that the efiect should become alternately the 

cause, and the cause the effect. It would be necessary» 

for example, that a weight, raised to a certain height by 

another weight, should in its turn raise the second weight 

to the height from which it descended. But, according to 

the laws of motion, all that a descending weight could do, 

in the most perfect machine which thé mind can conceive, 

is to raise another in the same time to a height reciprocally 

proportional to its mass. But it is impossible to construct 

a machine in which there shall be neither friction nor the 

resistance of some medium to be overcome ; consequently, 

at each alternation of ascent and descent, some quantity of 

motion, however small, will always be lost : each time 

therefore, the weight to be raised will ascend to a less 

height ; and the motion will gradually slacken, and at length 

cease entirely. 

. A moving principle has been sought for, but withT)ut 
success, in the magnet, in the gravity of the atmosphere, 
and in the elasticity of bodies. If a magnet be disposed 
in such a manner as to facilitate the ascension of a weight, 
it will afterwards oppose its descent : Springs, after being 
unbent, require to be bent by a new force equal to that 
which they exercised ; and the gravity of the atmosphere, 
after forcing one side of the machine to the lowest point, 
must be itself raised agi(^n, like any other weight, in order 
to continue its action. 

. We shall however give an account of various attempts 
to obtain a perpetual motion, because they may serve to 
show how much some persons have suffered themselves to 
be deceived on this subject. 

. Fig. 52 pi. 12, i;epresents a large wheel, the circumfer- 
ence of which is furnished, at equal distances, with levers, 

G 2 
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each bearing at its extremity a weight, and moveable oh a 
binge, so that in one direction they can rest upon the cir* 
cumference, while on the opposite side, being carried 
away by the weight at the extremity, they are obliged to 
arrange themselves in the direction of the radius con* 
tinned. This being supposed, it is evident that when the 
wheel turns in the direction ab e, the weights a, b and c 
will recede from the centre; consequently, as they act 
with more force, they will carry the wheel towards that 
side; and as a new lever will be thrown out, in proportion 
as the wheel revolves, it thence follows, say they, that the 
wheel will continue to move in the same direction. Bot^ 
notwithstanding the specious appearance of this reasoningi 
experience has proved that the machine will not go: and 
it may indeed be demonstrated that there is a certain 
position, in which the centre of gravity of all these weighti 
is in the vertical plane passing through the point of sus^ 
pension, and that therefore it must stop. 

The ease is the same with the following machine, which 
it would appear ought to move also incessantly. In a 
cylindric drum, in perfect equilibrium on its axis, avd 
formed channels as seen in fig. 53, which contain balls of 
lead, or a certain quantity of quicksilver. In consequence 
of this ^disposition, the balls or quicksilver must, on the 




?EBrBTVAL MOTION. 85 

Qtber. In tlie last place, the bellows of the opposite arms 
have a communication hy means of a canal, and one of 
tbem is filled with quicksilver* 

. These things being supposed, it is visible, that the bel- 
lows OQ the one side roust open, and those on the other 
qiust shut ; consequently the mercury will pass from the 
latter into the former, while the contrary will be the case 
çn the opposite side. 

: . It might be difficult to point out the deficiency of this 
leasoning y but those acquainted with the true principle's 
of mechanics will not hesitate to bet a hundred to one that 
the machine, when constructed, will not answer the in» 
tended purpose. 

The description of a pretended perpetual motion, in 
vhicb bellows, to be alternately filled with and emptied of 
quicksilver, were employed, may be. seen in the Journal 
des Sçavans for 1685* It was refuted by Bernoulli, and 
some others,, and it gave rise to a long dispute. The best 
method, which the inventor could have employed to defend 
his invention, would have been to construct it, and show 
it in motion ; but this was never done. 

We shall here add another curious anecdote on this sub- 
ject. One Orfyreus announced, at Leipsic, in the year 
I7l7, a perpetual motion, consisting of a wheel, which 
would continually revolve. This machine was constructed 
for the landgrave of Hesse-Cassel, who caused it to be shut 
up in a place of safety, and the door to be sealed with his 
own seal. At the end of 40 days, the door was opened, 
and the machine was found in motion. This however af- 
fords no proof in favour of a perpetual motion ; for as 
clocks can be made to go a year without being wound up, 
Orfyreus's wheel might easily go 40 days, and even more. 

The result of this pretended discovery is not known : 
we are informed, by one of the journals, that an Enghsh- 
man offered 80000 crowns for this machine; but Orfyreus 
refused to sell it at that price ; in this he certainly acted 
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wrong, as there is reason to think that he obtained by hid 
invention, neither money, nor even the honour of having 
discovered the perpetual motion. 

The Academy of Painting, at Paris, possessed a clock, 
which had no need of being wound up, and which might- 
be considered as a perpetual motion, though it was not so.^ 
But this requires some explanation. The ingenious autlxMr 
of this clock employed the variations in the state of the 
atmosphere, for winding up his moving weight : various 
artifices might be devised for this purpose ; but this is no- 
more a perpetual motion, than if the flux and reflux of the 
sea were employed to keep the machine continually going ; 
for this principle of motion is exterior to the machine, and 
forms no part of it. 

But enough has been said on this chipiera of mechanics. 
We sincerely hope that none of our readers will ever lose 
themselves in the ridiculous and unfortunate labyrinth of 
such a research. 

To conclude, it is false that any reward has been pro* 
mised by the European powers to the person who shaH 
discover the perpetual motion; and the case is the same 
in regard to the quadrature of the circle. It is this idea^ 
no doubt, that excites so many to attempt the solution of 
these problems; and it is proper they should be un- 
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in order that this method may have a certain degree of ex- 
actness^ the weight of the lamp ought to be several times 
{greater than that of the cord by which it is supported. 

This being supposed, put the lamp in motion by re« 
moving it a very little from its perpendicular direction, 
or carefully observe that communicated to it by the air, 
whch is very common ; and with a stop-watch find how 
many seconds one vibration continues, or, if a stop-watch 
is not at hand, count 'the number of vibrations performed 
in a certain number of minutes: the greater the number 
of minutes, the more exact will the duration of each 
vibration be determined ; for nothing will then be neces- 
sary, but to divide those minutes by the number of vibra- 
tion's, and the quotient will be the duration of each in 
minutes or seconds. 

We shall here suppose that it has been found, by either 
of these methods, that the time of each vibration is 5 j- se- 
conds ; square 5^, which is 30|, and multiply by it 99-^ 
inches, the length of a pendulum that swings seconds in 
the latitude of London, the product will be 98 ft. 7 inc. 
B lin., which will be nearly the height irom the point of 
suspension to the bottom or rather centre of the lamp. 

If the distance from the bottom of the lamp to the pave- 
ment be then measured, which may be done by means of 
a stick, and added to the former result, the sum will give 
the height of the arch above the pavement. 

Thb solution is founded on a property of pendulums, 
demonstrated in mechanics ; which is, that the squares of 
the times of the vibrations are as the lengths ; so that a 
pendulum 4 times the length of another, performs vibra« 
tions which last twice as long. 

. But on account of the irregular form of the lamp, and 
the weight of the rope, which sustains it, we must confess 
that this method is rather curious than exact. We shall 
however present the reader with another problem of the 
iamekind. 
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PROBLEM LIV. 

To measure the depth of a welly by the time elapsed between 
the commencement of the fall of a heavy body^ and that 
when the sound of its fall is conveyed to the ear. 

Have in readiness a smali pendulum that swings half 
seconds, that is, 9yJ. inches in length, between the centre 
of the ball, and the point of suspension. You must also 
employ a weight of some substance as heavy as possible, 
such for example as lead ; as a common stone or pebble 
experiences a considerable retardation in falling, and there^ 
fore would not answer the purpose so welK 

Let go the weight and the ball of the pendulum at the 
same moment of time, and count the number of the vibra» 
tions the latter makes, till the moment when jou hear the 
sound. We shall here suppose that there were 10 vibra- 
tions, which make 5 seconds. 

As a heavy body near the earth's surface falls about 
V6^ feet in one second of time, or for this purpose 16 feet 
•will be exact enough ; and as sound moves at the rate 
of 1142 feet per Second ; multiply together 1142, 16 and 
5, which will give 91360, and to four times this product, or 
365440, add the square of 1142, whi^h is 1304164, and the 
sum will be 1 669604 ; then if from the square root of the last 
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over increase as the squares of the times *• But as the 
resistance of the air, which in considerable heights^ such 
as those of several hundred feet, does not fail to retard the 
&II in a sensible manner, has been neglected, the case of 
this problem is nearly the same as with the preceding ; that 
il to say, the solution is rather curious than useful. 

* For the sake of our algebraical readers we shall here show how to find the 
formula from which the above rule is deduced : Let a» 5, AslOj^, cssllé^, 
tod let * be the time which the body employs in falling^ consequently a-^x 
will be the time of the sound returning. Then as 1« : ft : : «• : ft «> «s depth 
of the well; and 1 : c : : a— x: ea— cjr » depth of the well also; therefore 

• c ca 

hxl^s^ca-^ ex, and by transposition and division, a?' -f 7 «■=-;-. Completing 

thesquare, *» + -»+-«- + — j—. Hence, *+jj«V^— j~ 

, ^/4ftca + c» c 4^iç*+4abc)^c , «^ ^u -.. » 
and «« V — rrz — — ST ■* — *• nearly -7 the traie of 

descent. Consequently a— . m ■ is nearly the time of the sound's 

06 «fc ah^c 
ascent. 

Hence, from the expression — a much simpler rule is obtained for 

the time of the descent, which is as follows : Multiply 1 143 by 5, which 
gives for product 5710 ; then multiply also 16 by 5 which gives 80, to which 
add 1143, this gives 12S2, by which sum divide the first product 5710, and 
the quotient 4*68 will be the time of descent, nearly the same as before. 
This taken from 5 leaves 0*32 for the time of the ascent; which multiplied 
by J 148, gives 365 for the depth, difl»ring but little from the former more 
eiact number. 
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Historical account of some extraordinary and celebrated mC" 
chanical works. 

An essential part might seem wanting to this work if we 
neglected to give some account of the various machines, 
most celebrated both among the ancients and moderns. 
We shall therefore take a cursory view of the rarest and 
most singular inventions, produced by mechanical genius, 
in different ages. 

§ I. Of the machines or automatons of ArchytaSy ArcM'- 
medesj Hero and Ctesibius» 

Some machines of this kind are mentioned in ancient 
history, in terms of the utmost admiration. Such were 
the tripod automatons of Vulcan ; and the dove of Ar- 
chytas, which, as we are told, could fly like a real animal* 
We have no doubt however, that the wonderful properties 
of these machines, if they ever really existed, have been 
greatly exaggerated by credulity j and by the accounts of 
them being handed down through such a long series of 
ages. We are told also of the moving sphere of Archi- 
medes, in which, as appears, that celebrated philosopher 
had represented all the celestial motions, as they were 
then known ; and tjiis, no doubt, was a master-piece oF 
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involved, from the 6th or 7th century to the 15th, did not 
entirely extinguish mechanical genius. We are told that 
the embassadors sent by the king of Persia to Charlemagne 
brought, as a present to the latter, a machine, which, ac« 
cording to the description given of it, would have done 
honour to our modem mechanicians; for it appears to 
have been a striking clock, which had figures tliat per- 
formed various movements^ It is indeed true that, while 
Europe was immersed in ignorance, the arts and sciences 
diffiiised a gleam of light among the nations of the East. In 
regard to those of the West, if we can believe what is re- 
lated of Albert the Great, who lived in the 13th century, 
that mathematician constructed an automaton in the human 
form, which when any one knocked at the door of its cell, 
came to open it, and sent forth some sounds, as if address- 
ing the person who entered. At a period later by some 
centuries, Regiomontanus, or John MuUer of Konigsberg, 
a celebrated astronomer, constructed an automaton in the 
figure of a fiy, which walked around a table. But these 
accounts are probably very much disfigured by ignorance 
and. credulity. The following however are instances of 
mechanical skill, in which there is much more of reality. 

§111. Of vuriaus celebrated Clocks. 

In the 14th century, James Dondi constructed for the 
city of Padua a clock, which was long considered as the 
wonder of that period. Besides indicating the hours» it 
represented the motion of the sun, moon, and planets, as 
well as pointed out the different festivals of the year. On 
this account, Dondi got the surname of Horologio, which 
became that of his posterity. A little time after, William 
Zelandhi constructed, for the same city, one still more 
complex; which was repaired in the 16th century by 
Janellus Turrianus, the mechanician of Charles the 5th. 

But the most celebrated works of this kind are the clocks 
of the cathedrals of Strasburgh and Lyons. That of Stras* 
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burgh was the work of Conrad Dasy podius, a mathematiciaa 
of that city, who livçd towards the end of the 16th century, 
tpd who finished it about the year 1573. It is considered 
a9 the first ip Europe. At any rate there is none but that 
9i Lyons which can dispute pre-eminence with it» or be 
compared to it in regard to the variety of its effects. 
..The face of the basement of the clock of.Strasburgh 
«ibibits three dial-plates ; one of which is round, and con- 
sists of several concentric circles ; the two interior ones of 
which perform their revolutions in a year, and serve to 
mark the days of the year, the festivals, and other circumt» 
stances of the calendar. The two lateral diaUplates are 
square, and serve to indicate the eclipses, both of the suif 
and the moon. 

- Above the middle dial-plate, and in the attic space of the 
basement, the days of the week are represented by different 
divinities, supposed to preside over the planets from which 
their common appellations are derived. The divinity of the 
current day appears in a car rolling over the clouds, and 
at midnight retires to give place to the succeeding one. 
• Before the basement is seen a globe, borne on the wings 
of a pelican, around which the sun and moon revolved ; 
and which in that manner represented the motion of these 
planets ; but this part of the machine, as well as several 
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death, who is expelled by Jesus Christ risen from the 
graTC; who however permits it to sound thehour, in 
order to warn man that time is on the wing. Two small 
angels perform movements also; one striking a bell with 
a sceptre, while the other turns an hour-glass, at the ex» 
piration of an hour. 

In the last place, this work was decorated with varioui 
animals, which emitted sounds, similar to their natural 
Toices ; but none of them now remain except the cock» 
which crows immediately before the hour strikes, first 
stretching out its neck and clapping its wings. The voice 
of this figure however is become so hoarse as to be much 
less harmonious than the voice of that it Lyons, though 
the latter is attended /in a considerable degree, with tlM 
same defect. It is to be regp-etted that a great part of this 
machine is entirely deranged. It would be worthy of the 
illustrious metropolitan chapter of Strasburgh to cause it 
to be repaired : we have heard indeed that it has been at* 
tempted ; but that no artist could be found capable of per«i 
forming it. 

The clock of the cathedral of Lyons is of less size than 
that of Strasburgh ; but is not inferior to it in the variety 
of its movements ; and it has the advantage also of being 
in a good condition. It is the work of Lippius de Basle, 
and was exceedingly well repaired in the last century by aa 
ingenious clock-maker of Lyons, named Nourisson. Like 
that of Strasburgh, it exhibits, on difierent dial-plates, the 
annual and diurnal progress of the sun and moon, the dajn 
of the year, their length, and the whole calendar, civil as 
well as ecclesiastical. The days of the week are indicated 
by symbols more analogous to the place where the clock 
is erected ; the hours are announced by the crowing of the 
cock, three times repeated, after it has clapped its wings^ 
and made various other movements. When the cock baa 
done crowing, angels appear, who, by striking various 
bells, perform the air of a hymn^ the annunciation of the 
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Virgin is represented also by moving figures, and by the 
descent of a dove from the clouds; and after this me- 
chanical exhibition y the hour strikes. On one of the sidef 
of the clock is seen an oval dial-plate^ where the hours and 
minutes are indicated by means of an index , which length- 
ens or contracts itself , according to the length of the semi«» 
diameter of the ellipsis over which it moves. 

A very curious clock, the work of Martinot, a celebrated 
dock-maker of the l7th century^ was to be seen in the 
royal apartments at Versailles. Before it struck the hour^ 
two cocks on the corners of a small edifice crowed alter- 
nately, clapping their wings ; soon after two lateral doors 
of the edifice opened, at which appeared two %ures bear* 
ing cymbals, beaten on by a kind of guards with clubs. 
When these figures had retired, the centre door was thrown 
open, and a pedestal, supporting an equestrian statue of 
Louis léthy issued from it, while a group of clouds sqpa» 
rating gave a passage to a figure of Fame, which came and 
liovered over the statue. An air was then performed by 
bells; after which the two figures re-entered; the two 
guards raised up their clubs, which they had lowered as if 
out of respect for the presence of the king, and the hour 
was then struck. Though all these things are easy for in- 
genious clock-makers of the present day, when we come 
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opera, represented an opera of five acts, and cbanged the 
decorations at the commencement of each. The actors 
performed their parts in pantomime. The representation 
could be stopped at pleasure ; this efiect was produced by 
letting go a catch, and by means of another the scene could 
be made to re-commence at the place where it had been 
interrupted. This moving picture was 16 inches and a 
half in breadth, 13 inches 4 lines in height, and 1 inch S 
Unes in thickness, for the play of the machinery. An ac- 
count of this piece of mechanism may be found in the 
eulogy on. Father Truchet, published in the Memoirs of 
the Academy of Sciences, for the year 1729. 

Another very ingenious machine, and in our opinion 
much more di£Bicult to be conceived, is that described by 
M. Camus, a gentleman of Lorrain, who says he con- 
structed it for the amusement of Louis 14th, when a child. 
It consisted of a small coach drawn by two horses, in which 
was the figure of a lady, with a footman and page behind. 

If we can give credit to what is stated in the work of 
M. Camus, this coach being placed at the extremity of a 
table of a determinate size, the coachman smacked his 
whip, and the horses immediately set out, moving their 
legs in the same manner as real horses do. When the car- 
riage reached the edge of the table, it turned at a right 
angle, and proceeded along that edge. When it arrived 
opposite to the place where the king was seated, it stopped, 
and .'the page getting down opened the door, upon which 
the lady alighted, having in her hand a petition which she 
presented with a curtsey. After waiting some time, she 
again curtsied, and re-entered the carriage ; the page then 
resumed his place, the coachman whipped his horses, which 
began to move, and the footman, running after the carriage, 
jumped up behind it. 

-It is much to be regretted, that M. Camus, instead of 
Qonfining himself to a general, account of the mechanism, 
which he employed to prpduce these effects, did not enter 
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into a more minute description ; for, if they are troei it 
must have required a very singular artifice to prodiiee 
them, and the same means might be applied to machines 
of greater utihty. 

About 30 or 35 years ago, three very curious machines 
were exhibited by M. de Vaucanson, viz, an automaton' 
flute-player, a player on the flageolet and tambourine, and 
an artificial duck. The first played several airs on the 
flute, with a precision greater perhaps than was ever at« 
tained to by the best living player, and even executed the 
tonguing, which serves to distinguish the notes. Accord- 
ing to M. de Vancanson, this part of the machinery cost 
bim the greatest trouble. In short, the tones were really 
produced in the flute bv the proper motion of the fingers. 

The player on the flageolet and tambourine performed 
also some airs on the first of these instruments, and at th» 
9aBie time kept continually beating on the latter. 

But the motion of the artificial duck, in our opiniotTi 
was still more astonishing ; for it extended its neck, raised 
up its wings, and dressed its feathers with its bill ; it picked 
up barley from a trough, and swallowed it; drank from 
another, and, after various other movements, voided some 
matter resembling excrements» The first time I saw these 
machines 1 immediately discovered some of the artifices 
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quire that we ahoald here give them a place. These are 
the machine of Marly, and that known under the name of 
the steam engine. We shall begin with the former, of the 
construction and efiects of which the following brief d^ 
scriptiou will give some idea. 

' The machine of Marly consists of 14 wheels, each about 
S6 feet in diameter, moved by a stream of water, confined 
by an estacade, and received into so many separate chan- 
nels. Each wheel has at the extremities of its axis, two 
ctànks, and this forms 2Ô powers, distributed in the follow- 
ing manner. 

It must however be first observed, that the water is 
raised, to the place to which it is to be conveyed j by three 
different stages ; first from the river to a reservoir, at the 
elevation of 160 English feet above the level of the Seine; 
then to a second reservoir 346 feet higher ; and from the 
latter to the summit of a tower, somewhat more than 5S3 
feet above the river. 

Of the 9S cranks, above mentioned, 8 are employed to 
give motion to 64 pumps ; which is done by means of 
working beams, having 4 pistons at each extremity of their 
arms : this makes 8 to each working beam, which are drawn 
up and pushed down alternately. These 64 pumps force 
up tlie water to the first reservoir ; and this reservoir fur- 
nishes water to the first well, on which is established the 
second set of pumps. 

Eleven more cranks are employed to force the water 
from the first well to the second reservoir. This is done 
by means of long arms adapted to these cranks, which 
move large frames, to one of the arms of which are at» 
tached strong iron chains, that extend from the bottom of 
the mountain to the first well. These chains, called che- 
valets, are formed of parallel bars of iron, the extremities 
of which are bound together by iron bolts, and are sup- 
ported at certain intervals by transversal pieces of wood, 
moveable on an axi», that passes through the middle of 
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be might aet on thb water ; for that prince, when he paid 
a Tbit to Marly, in the year 1769, being astonished, no 
doubt, at the immensity (tf the machine, the multitude of 
its movements, and the number €i the workmen it em- 
idoyed, he obsenred that the water perhaps cost as much 
as wine. By the abore calculation the reader may see 
how fieur his majesty was mistaken. 

It is an important question to know, whether the ma- 
chine at Marly could be simplified. On this subject we 
shall give a few observations, which from some experiments 
made, and a minute examination of the different parts of 
the machine, appear to be founded on probability. 

People in general are surprized that the inventor of this 
machine should cause the water, in some measure, to make 
two rests, before it is conveyed to the summit of the tower. 
It has been humorously said, that he no doubt thought 
the water would be too much fatigued to ascend to the 
perpendicular height of more than 533 feet, all at one 
breath; It is more probable that he thought his moving 
fiMce would not be sufficient to raise the water to that 
height ; but this is not agreeable to theory ; for it is found 
bjr calculation, that the force of one crank is more than 
sufficient to raise a cylinder oTwater of that altitude, and 
above 8 inches in diameter. Able mechanicians however 
are (tf opinion, that though this be not impossible, to carry 
it into execution would be attended with great inconveni- 
ences, which it would be too tedious to explain. 

But it appears certain at present, that the water might 
be raised in one jet to the second well. This results from 
two experhnents, one made in 1738, and the other in 1775. 
In the first, M. Camus of the Royal Academy of Sciences, 
endeavoured to make the water rise in one jet to the tower : 
Us attempt was not attended with success, but he made it 
rise to the foot of the tower, which is considerably higher 
than the second reservoir ; hence it follows, that if he had 
confined himself to making the water rise in one jet to the 
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second reservoir y he would have succeeded. It is said that, 

during this experiment^ Uie machine was prodigiously 

l^rained ; that it was even found necessary to secure some 

p^ts of it with chains ; that it required 84 hours to for<{te 

4t to that height, which is about 480 feet, and that it wak 

opt possible to make it go £Eurther. The object of the 

second trial, nuide in 17.75, was to raise the water only to 

the second well* It indeed ascended thither at diflReârent 

times, and in abundance; but the pipes were exceedingly 

s|:Kained at the bottom, so that several of them burst; and 

it was necessary to suspend and recommence the e3q>eri<b 

ment several tiipes. It is however evident that this arose 

from the age of the tubes and their want of strengdi, as 

they had not the proper thickness; a fault which might 

have been easily remedied. Here then we have one stej^ 

towards the improvement of the machine; and itresute 

from this trial, that the chains which proceed irom the rivef 

to the first well, might be suppressed, and eveo the flnt 

well itself. . .*: . 

It stilL remains to be determined, whether the water coaU 

be made to ascend, in one jet, to the summit of the tower^ 

This would be a very curious experiment; but no doubt 

difficult and expensive, because it would be necessary, so 

make considerable changes in diflerent parts of then»^ 
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^Yt Of the Steam Engine. 

. . The Steam Engine is that perhaps in which the geniiiB 
of mechanism has been manifested in the highest degree ; 
lor no idea could be more happy than that of emplojring 
alternately, as moving powers, the expansive force of the 
fteam of water, and the weight of the atmosphere. Such 
indeed is the principle of this ingenious machine, which is 
at present employed with so much success in pumping 
water from mines, and for a variety of other purposes in 
the arts and manufactures. 

The 6rst part of this machine is a large boiler, to the 
cover of which is adapted a hollow cylinder, 2, 3, or 4 
feet in diameter. A communication is formed between the 
boiler and the cylinder by an aperture, capable of being 
opened or shut. Into this cylinder is fitted a piston, the 
*rod of which is made fast to the extremity of one of the 
.arms of a working beam, having at the extremity of its 
other arm, the weight to be raised, which is generally the 
piston of a sucking pump, adapted to raise water from a 
grpat depth. The whole must be combined in such a 
manner, that when the air or steam has free access into 
the cylinder, which communicates with the boiler, the 
weight'^lone of the apparatus affixed to the opposite arm 
shall be capable of raising that piston. 

Let us now suppose the boiler filled with water to a 
certain height, and that it is brought to a state of complete 
ebullition, by a large fire kindled below the boiler. As a 
part of this water will continually rise in steam, when the 
communication between the boiler and the cylinder is 
opened, this vapour, which is elastic, will introduce itself 
into it, and raise the piston ; as its force is equivalent to 
that of air. Let us suppose also that the piston, when it 
attains to a certain height, by means of some mechanism, 
which may be easily conceived, moves a certain part of 
the machine, which intercepts the communication between 
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the boiler and the cylinder ; and in the last place, that by 
the same cause a jet of cold water is thrown beneath the 
bottom of the piston in the cylinder, so as to iail down 
through the vapour in the form of rain. At that moment 
the steam will be condensed into water ; a racuum will be 
formed in the cylinder, and consequently the piston wiH 
be then charged with the weight of the atmosphere above 
it, or a weight equivalent to a column of water of the same 
base and Sd feet in height. If the piston, for example» be 
$2 inches in diameter, as is the case in the steam-engines 
of Montrelais, near Ingrande, this weight will be equal to 
S9450 pounds : the piston will consequently be obliged to 
descend with a force equal to nearly 50000 pounds, and 
the' other arm of the working beam, if it be of the same 
length, will act with an equal force to overcome the re- 
sistance opposed to it. When the piston has made th» 
first stroke, the communication between the boiler and the 
(!y Under is restored ; the steam of the boiling water again 
enters it, and the equilibrium between the air of the atmo- 
sphere and the inside of the cylinder being re-established^ 
the weight of the apparatus affixed to the other end of the 
workings beam descends, and raises the piston ; the same 
play as before is renewed ; the piston again falls, and the 
machine continues to produce its efiect. ^ 
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wch as BeUdar in his JrehiUdure HydrmilifUê^ voh II ; 
DesagoUen, in liis Cours de Physique ExpenmeniuUf toL 
H; M. Prony, in his Nomelie JrchUecture HydrmUque; 
«od several others. 

^ The machine here described is very different from that 
Mentioned by Muscbenbroek, in his Cawrs de Physique 
Sjfperimehiale. In the latter, the steam acte by its com- 
^pression on a cylinder of water, which it causes to ascein]. 
This requires steam highly elastic, and very much heated ; 
but in this case there is great danger m the machine 
bursting. In the new machine, that above described, it is 
sufficient if the steam has the elasticity of the air : this it 
-will acquire if the water boils only briskly ; and therefore 
-tibe danger of the machine bursting b not nearly so great: 
it is not even said that this accident ever happened to any 
of the large Steam-Engines, which have been long esta^ 
^hlished. 

- The largest Steam Engine with which I am acquainted, 
is that of Montrelais, near Ingrande, which is employed 
In freeing the coal mines from water. The cylinder is 5df 
rioches in diameter*. It raises per hour, to the height of 
652 feet, by eight different stages, 1145 cubic feet of 
water, or 10800 gallons; and as it is estimated, after de- 
ducting the time lost by putting it in n^otion, during acd- 
dantal repairs, which are necessary from time to time, &c, 
that it works 22 hours in the 24, its daily effect is to raise, 
to the above height, and evacuate, 231600 gallons of water. 
In the same time it consumes about 266 cubic feet of coals. 
The other expences attending it must also be considerable. 
• In the same place is another machine which, in some 
respects, appears to be constructed on a better principle. 
Though the cylinder is only 34 inches in diameter, it 
raises, in 22 hours, to the same height, and at one jet, 
22000 cubic feet, or about 165000 gallons, which is above 

• In tome Steam EnfhMf in Bnglsnd the cylinder is 69, and even t2 
iaohas ia disKSfeor, sad thsk powtr is eqnal to Ourl of SftO-lmnai. 
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• two thirds of the quantity raised by the former^ while jibe 

• moving power, which is in the ratio of the squares of dm 
diameters of the pistons, is only about 4 ^ ^^ ^ ^^ 
other. 

An attempt vths made, some years ago, to employ the 
irteam engine to move carriages, and an experiment oft 
this subject was tried at the arsenal of Paris. The earriage 
indeed moved, but in our opinion this idea must be oen* 
sidered rather as ingenious, than susceptible of being put 
in practice. It would not be very agreeable to traveliertr 
A> hear, behind them, the noise of a machine capable, if it 
should burst, of blowing them to atoms; and we miieh 
doubt whether this invention would meet with encourage- 
ment. A boat also which, it is said, could be made to 
move against the current by means of a Steam EngintS, 
was seen for a long time in the middle of the Seine, oppo- 
site to Passy. Nothing less was hoped from^this invention, 
than to be able to convey a boat, laden with merchandise, 
ill two or three days, from Rouen to Paris; but scaroeljr 
was the machine in motion when the wheels, the float- 
boards of which were to serve as oars, were broke in 
pieces by the effect of the too violent and sudden im- 
pression they received. Such was the lesult of this. at- 
tempt, the fiiilure of which had been predicted by the 
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Hogsof such Inventions as at present I can call to nûod^ 
fcc» in the year 1663. 

. In the 68th article of that workj the marquis describes 
the invention in the following words — '' An admirable 
^ and most forcible way to drive up water by fire. Not 
« by drawing or sucking it upwards, for tiiat must be, as 
^^ the Philosopher calleth it. Intra Sphœram Activitatis^ 
^' which is but at such a distance ; but this way hath no 
<< bounds, if the vessel be strong enough ; for I liave taken 
^^ a piece of a whole cannon, whereof the end was burst, 
^' and filled it three quarters full of water, stopping and 
^^ securing up the broken end, as also the touch hole, and 
^' making a constant fire under it, within 24 hours it burst 
'' and made a great crack ; so that having a way to inake 
f^ my vessels, so that they are strengthened by the force 
*^ within them, and the one to fill after the other. I have 
V seen the water run like a constant fountain stream 40 
*^ feet high; one vessel of water rarefied by fire driveth 
<< up 40 of cold water. And a man that tends the work 
'' is but to turn two cocks, that one vessel of water being 
'^ consumed, another begins to force and refill with cold 
** water, and so successively, the fire being tended and 
** kept constant, which the self same person may likewise 
'^ abundantiy perform in the interim between the necessity 
*' of turning the said cocks." 

B.ut though the above description is a distinct and in- 
telligible one, of the manner of applying steam for raising 
of water, and though it appears that Sir Samuel Morland, 
in the year 1682, wrote a treatise on the Steam Engine, 
yet no person, that I have heard of, attempted to erect a 
machine on these principles until the year 1699; when 
Captain Savary produced, the 14th of June in that year, 
a model which was worked before the Royal Society, at 
their weekly meeting at Gresham College. He after- 
wards published an account of this machine in the year 
1702, in a work intitied The Miner's Friend. 
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' In 8avary*8 machine, the steam is used for makmf *m 
vacuum in a vessel placed near to the water to be raised'^ 
•ad communicating with it by a pipC) which has a côcir or 
valve adapted to it. This valve or cock being opened 
when there is a vacuum in the vessel, the atinospherè 
presses the water into the vessel ; and when this is filled, 
the valve or cock is shut ; and steam being let into it, this 
presses on the surtiace of the water, and forces it upwards 
through a pipe adapted to the vessel fof this purpose. 

The disadvantages attending this method of construct 
lion were so great, that Captain Savary never succeeded 
further, than in making some engines for the supply of 
gentlemen's seats ; but he did not succeed for minés,' lir 
the supplying of towns with water. This discourag^meaè 
itopped the progress and improvement of the Stéu» 
Engine, till Mr Newcomen, an Ironmonger, and Joini 
Ceudley, a Glazier at Dartmouth, about the year iiiU^ 
invented what is called the Lever, or Newcomen eng^ined 
In this machine, the steam is made to act in a cylinder 
distinct from the pumps, and is used merely for tbepurpoae 
of making and unmaking a vacuum, in this manner, 
namely, there is a piston in the cylinder, fitted so niceij 
to it, that it can slide easily up and down without the «d«* 
mission of any air, or other fluid, to pass between its edge 
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to p iafUF MC e t for die purpose of opening and shutting the 
difierent cocks «nd Talves, necessary to admit the steam 
into the cylinder, the water to condense it, to carry off the 
tondensed steam, to make the piston more air tight, and 
in general to improve the various working parts of the 
engine* 

Machines of this kind have been constructed in a variety 
of places ; particularly in Great Britain, for the purpose 
of raising water from mines or for supplying towns, and 
for raising water to turn wheels. One of the largest of 
this kind is that which was constructed by the late ingeni- 
ous Mr. Smeaton, for raising water to turn the wheels of 
ihe Blast Furnaces at Carron — ^the cylinder of this engine 
is 12 inches diameter, and I believe it is reckoned the most 
perfect engine that has been constructed on Newcomen's 
principle.'—i-But though Mr. Smeaton spent much time in 
Ae improvements of these engines, and succeeded to a 
very considerable extent, yet the manner of employing 
the steam in a cylinder where cold water is to be ad- 
mitted, for the purpose of condensing it at each stroke, 
and the pistoii and cylinder being exposed to the atmo- 
tphere, render it so imperfect, that above one half of the 
power of the steam is lost by this construction. And 
fberefore, even with Mr. Smeaton's ingenious improve 
ments, the £(team Engine at that time was but a very im- 
perfect machine, and by no means applicable to such a 
Variety of purposes as it is now in its improved state. 

The ingenious Mr. James Watt of Glasgow, perceiving 
the great loss of steam which was sustained in its umi. In 
Newcomen's engine, about 1768, made a variety of ^ifi 
periments on this subject, and in 1770 obtained a \}M^lA 
for a new mode of applying it ; in which the cylinrffff wM 
made close both at bottom and top, and the rnd whitffi 
connected the piston with the lever, was mad(9 to Wrrrk 
trough a collar of hemp and tallow, so as to bë perfectly 
air tight. The atmosphere being thus axolttdfed from the 



€jiniir^ both die Tamiim is made by the stem, end Ûm 
fiÉUm is mowtd by it. Abo the slauB is not GODdentoed 
bj throwing cold water into the cyânder, bot it is taken 
OBt bj an air pomp, and condensed in a separate vesseli 
and, in order to keep the cylinder as hoc as possible, it ii 
sorronnded with steam, and coTered with non-conducting 
substances. By this construction, the engine has been 
made to perform at least double the effect, with the sam^ 
quantity of fuel, as the best engines on Newcomeo's con» 
struction. Mr. Wact obtained an extension of his patent 
right in the year 1715, ay an act of partiament, for 85 
years, and was joined by the ingenious Mr. Bolton of Soho^ 
near Birmingham; since which, the same principle has 
still been followed ; but tlie working parts have undergone 
various modifications, by the joint abiUties of these able 
mechanicians. The principle which was applied to the 
working of the piston, only one way, that is, by pushing 
it downwards, as the atmosphere did in Newcomen** 
engine, has also been applied to the forcing it up; by 
which means, engines, where cylinders are of a given 
diameter, are now made to perform double the efleqi. 
This has not only saved great expence in the original cash 
struction of the engines, but has enabled them to be ap- 
plied in cases where immense power has been wanted, and 
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faqUucies mre worked, and including every kind of mill 
Work to which water can be applied. They are also used 
in the various branches of the civil engineer. Thus the 
water is taken from the foundations of Locks, Bridges» 
Docks, &c The piles are driven for the foundations, as 
the mortar manufactured for the building of the walls ; 
earth taken from their canals; and docks and works have 
been of late performed by their means, which could not 
have been executed without them. 

They are also made so portable for some purposes, that 
they are even constructed on boats and carriages, to 
be moved from one place to another; while in others they 
are made on a large and magnificent scale. Messrs. Bolton 
and Watt have made them from the power of one, to that 
of 250 horses ; and by their late contrivances in the exe- 
cution of their difierent parts, tbey are so manageable, 
that even a lad may attend and direct their operations ; 
and so regular in their motions, that water itself cannot 
be more so. 

The quantity of fuel which they consume is compara- 
tively small, to the effect they produce. — One bushel of 
^e best Newcastle coal applied to the working of an engine 
for pumping, will raise about 30 million of pounds one 

foot high. But in these engines, when the steam acts 

on the piston, both in its ascent and descent, the same 
quantity of fuel will not produce quite so great an effect» 
as there is not so much time for performing. the con- 
densation, on which account the vacuum is not so com* 
plete. 

For a. more full account of Steam Engines, see Dr* 
Button's Dictionary. 

Of balloons, TELEGRAPHS, Kc. 

THE latter part of the last century, among many in- 
genious mexhanical inventions, has produced the two re- 
markable ones relating to air balloons» and to telegraphs. 
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with Other means of distant, quid: or secret intelligence ; 
concerning which a brief account may here be added : 
and first of Aerostation and Air Balloons. 

The fondamental principles of aerostation have been 
long and generally known, as well as specnlations on the 
theory of it ; but the successful application of them to 
practice seems to be altogether a modem discovery. 
These principles chiefly respect the pressure and elasticity 
of the air, with its specific gravity, and that of the other 
bodies to be floated in it* Now any body that is specifi- 
cally, or bulk for bulk, lighter than the atmosphere, is 
bnoyed up by it, and ascends to such height where the air, 
by always diminishing in its density upward, becomes of 
the same specific gravity as the rising body; here this 
body will float, and move along with the wind or current 
of air, like clouds at that height. This body then is an 
aerostatic machine, whatever its form or nature may be ; 
such as an air-balloon, the whole mass of which, including 
its covering and contents, with the weights annexed to it, 
is of less weight than the same bulk of air in which it 
rises. 

We know of no solid bodies however that are light 
enough thus to ascend and float in the atmosphere ; and 
therefore recourse must be had to some fluid or aeriform 
substance. Among these, that which is called inflammable 
air is the most proper for that purpose ; it is very elastic, 
and is 6^ 8, or 10 times lighter than common air. So that, 
if a sufficient quantity of that kind of air be inclosed in 
any thin bag or covering, the weight of the two together 
will be less than the weight of the same bulk of common air : 
consequently this compound mass will rise in the atmo« 
sphere, till it attain the height at which the atmosphere is 
of the same specific gravity as itself; where it will remain 
or float with the current of air, as long as the inflammable 
gas does not too much escape through the pores of its co» 
venDg. And this is an inflammable-air balloon. 



BALLOONS. Ill 

Another way is, to make use of common air rendered 
lighter, by heating it, instead of the inflammable air* 
Heat rarefies and expands common air, and consequently 
lessens its specific gravity. So that, if the air, inclosed in 
any kind of a bag or covering, be heated, and thus dilated^ 
to such a degree^ that the excess ot the weight of an equal 
volume of common air, above the weight of the heated 
air^ be greater than the weight of the covering and its 
appendages^ the whole compound mass will ascend in the 
atmosphere, till it arrive at a height where the atmosphere 
has the same specific gravity with it ; where it will remaia 
till, by the cooUng and condensation of the included air^ 
the balloon shall gradually contract, and descend again, 
unless the heat be renewed or kept up. And this is a 
heated-air or a fire balloon, which is also called a Mont- 
golfier, after the name of its inventor. 

Various schemes for rising up in the air, and passing 
through it, have been devised and attempted, both by the 
ancients and the mjoderns, on different principles, and with 
various success. Of these attempts, some have been on 
mechanical principles, or by the powers of mechanism; 
and such, it is conceived, were the instances related of the 
flying pigeon made by Archytas, also the flying eagle, 
and the fly by Regiomontanus, with many others, both 
among the ancients and moderns. 

Other projects have been vsunly formed, by attaching 
wings to some part of the human body, to be moved either 
by the hands or the feet, by mean of mechanical powers ; 
so that striking the air with them, after the manner of the 
wings in a bird, tiie person might raise himself in the air, 
and transport himself through it, in imitation of that ani- 
mal. But these attempts belong rather to that species or 
principle of motion called artificial flying, than to the 
subject of aerostation, which is properly the sailing or 
floating in the air by means of a machine rendered speci« 
fically lighter than that element^ in imitation of aqueous 
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with that fluid. He also reasoned that, as the capacity of 
spherical vessels increases much faster than their surface, 
the former increasing as the cube of the diameter, but the 
latter only as the square of the same, it is tlierefore pos- 
sible to make a spherical vessel of any given matter and 
thickness^ and of such a size as, when emptied of air, it 
will be lighter than an equal bulk of that air, and conse- 
quently that it will ascend in the atmosphere. After 
stating these principles, father Lana computes that a 
round vessel of plate-brass, 14 feet in diameter, weighing 
3 ounces the square foot, will only weigh 1848 ounces; 
whereas a quantity of air of the same bulk will weigh 21 56 
ounces, allowing only one ounce to the cubic foot; so 
that the globe will not only ascend in the air, but will also 
carry up a weight of 308 ounces : and by increasing the 
bulk of the globe, without increasing the thickness of the 
metal, he adds, a vessel might be made to carry up a much 
greater weight. 

Such then were the speculations of ingenious men, and 
the gradual approaches towards this art. But one thing 
ioQore was yet wanting : though in some degree acquainted 
with the weight of any quantity of air, considered as a 
detached substance, it seems they were not aware of its 
great elasticity, and tbe universal pressure of the atmo- 
sphere ; a pressure by which a globe, of the dimensions 
above described, and exhausted of its air, would imme« 
diately be crushed inwards, for want of the equivalent in- 
ternal counter pressure, to be sought for in some element, 
much lighter than common air, and yet nearly of equal 
pressure or elasticity with it ; a property and circumstance 
attending inflammable gas, and also common air when 
considerably heated. 

It is evident then that the schemes of ingenious men 
hitherto must have gone no farther than mere speculation ; 
otherwise they could never have recorded fancies which, 
on the first attempt to be put in practice, must have mai- 
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nifested their own insufficiency, by an immediate fidlnrs 
of success. For, instead of exhausting the yetsd of air» it 
must be filled either with common air heated, or with 
some other equally elastic but lighter air. So that on the 
whole it appears, that the art of traversing the atmo^bere, 
is an invention of our own time; and the whcde hktory of 
it is comprehended within a very short period. 

The rarefaction and expansion of air by heat is a pro- 
perty of it that has been long known, not only to philoso* 
phers, but even to the vulgar. By this means it is, that 
the smoke is continually carried up our chimneys: and 
the eflfect of heat upon air, is made very sensible by bring- 
ing a bladder, only partially filled with air, near a fire ; 
when the air presently expands With the heat, and distends 
the bladder so as almost to burst it. Indeed, so well are 
the common people acquainted with this efiect» that it is . 
the constant practice of those who kick about blown blad» 
ders, for foot balls, to bring them from time to time to 
the fire, to restore the spring of the air, and the distension 
of the ball, lost by the continual cooling and waste of that, 
fluid. 

But the great levity, or rather small weight, of inflam-* 
mable gas, is a very modern discovery, namely within the. 
last 40 or 50 years ; a discovery chiefly owing to our own 
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tbe orifice or bottom of the balloon. This heated air and 
the smoke thus ascended straight tip into the bag, and 
gradually distended it, till it became quite full, and so 
much lighter than the atmosphere that the balloon rapidly 
ascended, and carried up other weights with it, to- very 
great heights. After attaining its utmost height however, 
partly by the cooling of the included air, and partly by its 
escape through the pores of the covering, the balloon gra- 
dually descends very slowly, and comes at length to the 
ground, after being sometimes carried to great distances 
by the wind, or currents of air in the atmosphere- 
Other balloons were also soorr made by the philosophers 
in France, and after them in other countries ; namely, by 
filling the balloon case with inflammable gus; a more 
troublesome and expensive process, but of much better 
effect ; because^ having only to guard against the waste of 
the fluid through the pores, but not its cooling, these baU 
loons continue much longer in the air, sometimes for the 
space of many hours, enabling the passengers to pass over 
large tracts of country. On one of these occasions, Mr. 
Blanchard, a noted operator, with a favourable wind, 
passed over from Dover to Calais, accompanied by another 
gentleman. 

Many other persons exhibited balloons^ of large dimenf^ 
sions, particularly in France and other parts of tbe conti- 
nent, with various success. The people of that country 
have also successfully applied balloons to the examination 
of tfae state of the higher regions of the atmosphere; and 
also in their armies, to discover the dispositions and ope> 
rations of an enemy's position and camp. In England 
they have been less attended to, perhaps owing at first to 
an unfortunate prejudice, and an idea tlirown out, that 
they could not be turned to any useful purpose in life.-^ 
A representation of several different balloons is exhibited 
in plate 14.^ 
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TELEGRAPHS. 

A Telegraph is a machine lately brought into use by 
the French nation, namely in the year 1793 ; being con^ 
trived to communicate words or signals, from one person to 
another, at a great distance, and in a very short time. 

The object proposed is, to obtain an intelligible figura- 
tive language, to be distinguished at a distance, to avoid 
the obvious delay in the dispatch of orders or information 
by messengers. 

On first reflection, we find the practical modes of such 
distant communication must be confined to sound and vi- 
iion, but chiefly the latter. Each of these is in a great 
degree affected by the state of the atmosphere : as, inde- 
pendent of the wind's direction, the air is sometimes so £ar 
deprived of its elasticity, or whatever other quality the 
conveyance of sound depends on, that the heaviest ord* 
nance is scarcely heard farther than the shot flies; and^ 
on the other hand, in thick hazy weather, the largest ob» 
jects become quite obscured at a short distance. No in- 
strument therefore, designed for the purpose, can be 
perfect. We can only endeavour to overcome these de- 
fects as much as may be. 

Some kind of distant signals must have been employed 
from the earliest antiquity. It seems the Romans had a 
method in their walled cities, either by a hollow formed 
in the masonry^ or by tubes affixed to it, so to confine and 
augment sound, as to convey information to any part 
they wished y and in lofty houses it is now sometimes the 
custom to have a pipe, by way of speaking trumpet, to 
give orders from the upper apartments to the lower: by 
this mode of confining sound, its effect may be carried to 
a very great distance ; but beyond a certain extent the 
sound, losing articulation, would only convey alarm, and 
not give directions. 

r Every city among the ancients had its watch towers; 
and the castra stativa of the Romans had always some. 



TfiLSOBAPHS. 117 

«pot, elevated either by art or nature, from which signals 
were given to the troops, cantoned or foraging in the 
neighbourhood. But they had probably not arrived at 
greater refinement than that, on seeing a certain signal, 
they were immediately to repair to their appointed sta 
dons. 

A beacon, or bonfire made of the first inflammable ma** 
tenais that offered, as the most obvious, is perhaps the 
most ancient mode of general alarm, and by being pre- 
viously concerted, the number or point where the fires 
appeared might have its particular intelligence affixed. 
The same observations may be referred to the throwing 
up of rockets, whose number or the point from whence 
thrown may have its affixed signification. 

Flags or ensigns, with their various devices, are of ear- 
liest invention, especially at ^ea ; where, from the first 
idea, which was probably that of a vane to show the direc* 
tion of the wind, they have been long adopted as the 
distinguishing mark of nations, and are now so neatly 
combined by the ingenuity of a great naval commander, 
that by his system every requisite order and question is 
received and answered by the most distant ships of a fleet. 

To the adopting this, or a similar mode, in land service, 
the following are objections: that in the latter case, the 
variety of matter necessary to be conveyed is so exceed* 
iDgly great, that the combinations would become too 
complicated. And if the person for whom the information 
is intended should be in the direction of the wind, the flag 
would then present a straight line only, and at a little di- 
stance be invisible. The Romans were so well aware. of 
this inconvenience of flags, that many of their standards 
were solid ; and the name manipulus denotes the rudest of 
their modes, which was a truss of hay fixed on a pole. 

The principle of water always keeping its own level has 
been suggested, as a possible mode of conveying intelli« 
gence, by an ingenious gentleman^ and put in practice on 
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a small ik:ale with a very pleasing effect. As for examplc^y 
suppose a leaden pipe to reach between two distant places, 
and to have a perpendicular tube connected to each ex- 
tremity. Then, if the pipe be constantly filled with 
water to a certain height, it will always rise to its level 
on the opposite end ; and if but one inch of water be 
added at one extremity, it will almost instantly produce a 
similar elevation in the tube at the other end : so that by 
corresponding letters being adapted to the vertical tubes, 
at different heights, intelligence may be quickly conveyed. 
But this method is liable to such objections, that it is not 
likely it can ever be adopted to facilitate the object of very 
distant communication. 

Full as many, if not greater objections, will perhaps 
operate against every mode of electricity being used as 
the vehicle of information. — And the requisite magnitude 
of painted or illuminated letters, offers an insurmountable 
obstacle ; besides in them one object would be lost, that 
of the language being figurative. 

Another idea is perfectly numerical, which is, to raise 
and depress a flag or curtain a certain number of times for 
each l^ter, according to a previously concerted system : 
as, suppose one elevation to mean a, two to mean b, and 
sp 00 through the alphabet. But in this case, the least 
inaccuracy ib giving or noting the number, changes the 
letters ; and besides, the last letters of the alphabet would 
be a tedious operation. 

Another method that has been proposed, is an ingenious 
combination of the magnetical experiment of Comus, and 
the telescopic micrometer. But as this is only an imper- 
fect idea of Mr. Garnet's very ingenious machine, de- 
scribed below, no farther notice need be taken of it here. 

Mr. Garnet's contrivance is merely a bar or plank, turn- 
ing on a centre like the arm of a windmill ; which being 
moved into any position, an observer or correspondent at 
a distance turtis the tube of a telescope round its axis, into 
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tbe same position, by bringing a fixed wire M^ithin it to 
'coincide with, or become parallel to, the bar, which is a 
thing extremely easy to do. The centre of motion of the 
bar has a small circle fixed on it, with letters and figures 
«round the circumference, and a moveable index turning 
together with the bar, pointing to any letter or mark the 
operator may wish to set the bar to, or to communicate to 
the observer. The eye end of the telescope has a like index 
and circle fixed on the outside of it with the corresponding 
letters or other marks. The consequence is obvious ; the 
telescope being turned round its axis, till its wire cover, 
or become parallel to the bar, the index of the former ne- 
cessarily points out the same letter or mark on its circle as 
that of the latter, and the communication of sentiment is 
immediate and perfect. The use of this machine is so easy, 
that we have seen it put into the hands of two common la- 
bouring men, who had never seen it before, when they 
have immediately held a quick and distant conversation 
together. 

Fig. 1 pi. 15 represents the principal parts of tlris tele- 
scope : ABDE is the telegraph or bar, having on the centre 
of gravity c, about which it turns, a fixed pin, going 
through a hole or socket in the firm upright post g, and 
on the opposite side is fixed an index ci. Concentric to 
c on the same post, is fixed a brass circle, of 6 or 8 inches 
diameter, divided into 48 equal parts, 24 of which repre- 
sent the letters of the alphabet, and in the other 24, be- 
tween the letters, are numbers. So that the index, by 
means of the arm ab, may be set or moved to any letter 
or number. The length of the arm or bar should be 2|. 
or 3 feet for every mile of distance. Two revolving lamps 
of different colours, suspended occasionally at a and b, tbe 
ends of the arm, would serve equally at night. 

Let ^^ (fig. 2 pi. 15) represent a transverse section of 
the outward tube of a telescope, and xx the like section of 
die sliding or adjusting tube, on which is fi^^d an index ||« 
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On thé part of the outward tube next to the observerais 
fixed a circle of letters and numbers, similarly divided and 
situated as the former circle in fig. i ; so that the index ii, 
by means of the sliding or adjusting tube, may be turned 
to any letter or number. Now there being a hair, or fine 
rilvcr wire, fg^ fixed in the focus of the eye-glass ; when 
the arm ab of the telegraph is viewed at a distance through 
the telescope, the hair may be turned, by means of the 
sliding tube, to the same position as the arm ab ; then the 
index ii (fig. 3) will point to the same letter or number on 
its own circle, as the index i (fig* 1) points to on the tele- 
graphic circle. 

If, instead of using the letters and numbers to form words 
at length, they be used as signals, three motions of the arm 
will give a hundred thousand different signals. 

But a telegraph, combined with a telescope, it seems 
was originally the invention of M. Amontons, an ingenious 
French philosopher, about the middle of the l7th century ; 
when he pointed out a method to acquaint people at a great 
distance, and in a very little time, with whatever we please. 
This method was as follows: Let persons be placed in se- 
veral stations, at such distances from each other, that, by 
the help of a telescope, a man in one station may see a 
signal made by the next before him ; this person immedi- 
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tances, of from 12 to 15 miles each, so that the expression 
reaches a very distant place in the space of a few minutes. 
The only thing which can interrupt their effects is, if the 
weather be so bad and turbid, that the objects and signals 
ciuinot be distinguished. By this invention, remoteness 
and distance almost disappear ; and all the communications 
of correspondence are effected with the rapidity of the 
tyirinkling of an eye. The greatest advantage which can 
be derived from this correspondence, is that, if we choose, 
its object shall be known to certain individuals only, 
or to one individual alone, or to the extrismities of any 
distance. 

Fig. 3 pi. 15 represents the form of the French Tele- 
graph. AA is a beam or mast of wood, placed upright on 
ft rising ground, and is 15 or 16 feet high, bb is a beam 
or balance, moving on the centre aa. This balance beam 
may be placed vertically, or horizontally, or any how in» 
clined, by means of strong cords, which are fixed to th^ 
wheel D, on the edge of which is a double groove to re- 
ceive the two cords. This balance is 11 or 12 feet long, 
and 9 inches broad, having at the end two bars cc, which 
likewise turn on the angles by means of four other cords 
passing through the axis of the main balance. The pieces 
c are each about three feet long, and may be turned and 
placed either to the right or left, straight or square with 
the balance beam. By means of these three, the combina- 
tion of movements is said to be very extensive, remarkably 
simple, and easy to perform. Below is a small wooden 
hut, in which a person is employed to attend the move- 
jnents of the machine. In the mountain nearest to this, 
another person is to repeat these movements, and a third 
to write them down. The signs are sometimes made in 
words, and sometimes in letters ; when in words, a small 
flag is hoisted ; and, as the alphabet may be changed at 
pleasure, it is only the corresponding person who knows 
the meaning of the signs. The alphabet» a^ well, as the 
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numbers ^o 10, are exhibited in the middle of fig. S, an« 
nexed to the different forms and positions into which the 
bars of the machine may be put. 

Many improvements and additional contrivances have 
been since made in England. The following one is by the 
■Rev. J. Gamble. The principle of it is simply that of a 
Venetian window-blind, or rather what are called the lever 
boards of a brewhouse, which when horizontal, present so 
small a surface to the distant observer, as to be lost to his 
view, "but are capable of being in an instant changed into 
a screen of a magnitude adapted to the required distance 
of vision, aebdfc (fig. 4 pi. 15) is a firm upright frame, 
supporting 9 lever boards, working on centres in be and 
DF, and opening in three divisions by iron rods. And 
abcdf efg h are two lesser frames, fixed to the great one, 
having also three lever boards in each, and moving by iron 
rods, in the same manner as the others. If all these rods 
be brought so near the ground, as to be in the manage- 
ment of the operator, he will then have 5 keys to play on. 
Now as each of the handles iklmn commands three lever 
boards, by raising any one of them, and fixing it in its 
place by a catch or hook, it will give a different appear- 
ance in the machine ; and by the proper variation of these 
5 movements, there will be more than 25 of what may be 
called mutations, in each of which the machine exhibits a 
different appearance, and to which any letter or figure 
may be annexed at pleasure. 

Should it be required to give intelligence in more than 
one direction, the whole machine may be easily made to 
turn to different points, on a strong centre, after the man- 
ner of a single post windmill. — To use this machine by 
night, another frame must be connected with the back part 
of the telegraph, for raising 5 lamps, of different colours, 
behind the openings of the lever boards ; these lamps by 
night answering for the openings by day. 

Fig. 5 pi. 15, represents a front view of the latest form 
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t)f the telegraph, now employed by the English govern- 
ment, by which a signal is conveyed between London and 
Deal, being 72 miles, by repetition, in 3 minutes. The 
corresponding boards forming a scale for the alphabet, and 
for numbering, is annexed in the engraving. 

We shall limit ourselves to what has been here said re- 
specting those machines, which have acquired the greatest 
celebrity ; but we shall point out a few books, which those 
who are fond of machines, and who wish to instruct them- 
selves by example, may consult for that purpose. The 
first of these, which we shall mention, is the Theatrum 
Mechanicum of Leupold, in several volumes folio, the last 
of which appeared in 1725. This is a curious work, but 
the author's theory is not always well founded ; for he 
seems not to be entirely convinced of the impossibility of 
the perpetual motion. The next is the Theatre des Ma- 
chines of James Besson, in Italian and French. And to 
these we shall add, Bockler*s work, ia Latin; that of Ra- 
melli in Italian and French, which is rare, and in great re- 
quest. The Cabinet des Machines of de Servieres, 4to, 
Paris 1733, is one of the most curious works of this kind, 
on account of the great number of machines described in 
it, and which were invented by the author. Some of them 
are very ingenious, and the principles on which they are 
constructed deserved to have been better explained ; but, 
in general, they are more curious than useful. 

The description of the method in which the Chevalier 
Carlo Fontana raised the famous obelisk, now before St. 
. Peter's at Rome, is likewise a wo^k worthy of a place io 
the library of every person fond of mechanics. M. Loriot, 
who has a collection of machines, the invention of which 
displays great ingenuity, has promised to publish some 
day a description of them. This, in our opinion, would 
be a curious and useful work ; for the most of his machines 
bear the stamp of genius. We have seen one invented. by 
him for driving piles, which acts by a motion always in 
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_.jM» .fHïig obliged to stop or to 
. ^,^ -coin the weight. Nothing, 

.B «u^nious than the method in 

« ««aght or rammer, the hook, 
^-**it -avs hold of it, and by which 
^. a order to reach lower and lower 
, ^.i: »inks deeper. If this mode of 
^p^cu with those hitherto' employed, 
^ . ^ »c Lc the preference. 
« . . j.crccion, in 6 vols. 4to, of Machines 
.i^%câ by the Royal Academy of Sci- 
^ *rti engravings and descriptions of a 
1 uacbines. In English too we have 
waM: ot Experimental Philosophy, in 2 
::M4>on*s Mechanics, both containing the - 
> ^>i;ou$ of many curious and useful ma- 
2<nita; others, of less note. 
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À TABLE 

0/the Specific Gravities cf different bodies^ thaiofrain or 
distilled water being supposed 1000. 

METALS. 

Gold. 

SpoeiiU 
GraTitf. 

Pure gold of 24 carats, melted but not hammered 19258 

The same hammered • . • . 19362 

Gold, of tbe Parisian standard^ 22 carats fine, not 

hammered * . . . . . 17486 

The same hammeted .... 1758 j 
Gold of the standard of French coin, 21|| carats 

fine, not hammered • • . 17402 

The same coined . . . . 17647 

Gold of the French trinket standard, 20 carats 

fine, not hammered • . . . 15709 

The same hammered • . • • 15775 

Silver. 

Pure or virgin silver, 12 deniers fine, not ham* 

mered . . . * . . 10474 
The same hammered • . . .10511 
Silver of the Paris standard, 1 1 deniers 10 grains 

fine, not hammered t • • • 10175 

The same hammered . . • . 10377 
Silver, standard of the French coin 10 deniers 21 

grains fine, not hammered . • • - 10048 

The same coined .... 10408 

Platina. 

Crude platina, in grains • • • 15602 

Purified platina, not hammered • . 19500 



* This is th« same as iterling gold. f.Thit is IQ grs. finer khsii «terting. 



1S6 
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The same hammered . • . • 2033? 

The same drawn into wire . ' . • 21042 

The same rolled • . . • 2206B 

Capper and Brass. 

Copper not hammered • . • 7788 

The same wire-drawn . , . 8879 

Brass^ not hammered • . . • 8396 

The same wire-drawn • • . < 8544 

Common cast brass « • • ^ 7824 

Iran and Steel. 

Cast iron . . • . • 7207 

Bar iron, either hardened or not • • 7788 

Steel, neither tempered nor hardened . • '78S& 

-Steel hardened under the hammer, but not 

tempered • • . • . 7840 

Steel tempered and hardened . ^ * 7818 

Steel tempered and not hardened • • 7816 

Other Metals. 

Pure tin from Cornwall, melted and not hardened 7291 

The same hardened . . « • 7299 

Malacca tin, not hardened • . . 'Ï296 




SPECIFIC GRAVITIES. 



Mercury 
UraDium 



13568 
6440 



PRECIOUS STONKS. 



White oriental diamond 

Rose coloured ditto 

Oriental ruby 

Spinell ditto . 

Ballas ditto . ^ . 

Brasilian ditto 

Oriental topaze 

Saxon ditto • 

Oriental sapphire 

Brasilian ditto . 

Girasol 

Jargon of Ceylon 

Hyacinth 

Vermilion ^ 

Bohemian garnet 

Syrian ditto 

Volcanic ditto with 24 sides 

Peruvian emerald 

Chrysolite of the Jewellers 

Brasilian ditto . 

Beryl or oriental aqua-marine 

Occidental ditto 



SILICEOUS STONES. 

Pare rock crystal of Madagascar 

Ditto of Europe 

Crystallized quarts 

Oriental agate . 

Agate onyx 

Transparent calcedony 

Carnelian 

Sardonyx 



3521 
3531 
4283 
3760 
3646 
3531 
4011 
3564 
3994 
3131 
4000 
4416 
3687 
4230 
4189 
4000 
2468 
2776 
2782 
2692 
3549 
2723 



2653 
2655 
2655 
2590 
263» 
2664 
2614 
2603 
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SPBCmC OBATITIES. 



Prasium 




258.i 


Onyx pebble 




2664 


White Jade 




2950 


Green ditto 




2966 


Red Jasper 




2661 


Brown ditto . 




2691 


Yellow ditto 




2710 


Violet ditto 




2711 


Grey ditto 




2764 


Black prismatic hexaedral schorl 


3S85 


Black amorphous schorl, called antique basaltes 


292S 


Paving stone . . . . , 


2416 


Grind-stone 




«14» 


Cutler's stone . 




2111 


Mill-stone 




2484 


White flint 




8594 


Blackishditto . 




258S 


VARIOUS STÔNESi &C. 




Opake green Italian serpentine 


«430 


Coarse Briançon chalk . . . - , 


2727 


Spanish chalk . . . • , 


2790 


Muscovy talc . . 


2792 


Coqfimon schist or slate 


• • 


2672 
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Red fluor 

Green ditto 

Blue ditto 

Violet ditto 

Red porphyry 

Red Egyptian granite 

f amice stone 

Obsidian stone 

Sfusaltes from the Giants causway 

Touch stone 

Bottle glass 

Qreen glass 

M^ite glass 

{jeith crystal 

Hint glass 

Seves porcelain 

Oiina ditto 

Native sulphur 

Malted ditto 

Piiosphorus 

Hard peat 

Ambergris 

Yellow transparent amber 



UQUORS. 



Distilled water 
Rain water 
Sea water* 
Burgundy wine 
Malmsey Madeira 
C^der 
Red beer 
White ditto 



3191 
S182 
S169 
3176 
3765 
£654 

915 
234d 
2864 
.2415 
2738 
2642 
2892 
S1S9 
3S29 
2146 
2385 
2033 
1991 
1714 
1329 

926 
1078 



1000 
1000 
1026 
99& 
1038 
1018 
1034 
1023 



• Sea water differs in weight, according to the climate. It is heavier in 
the torrid zone, and at a distance from the coasts^ than in the northern seas^ 
aQd «ear land. ^ 

VOL. II. K 
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Highly rectified alcohol 


»m 


Common spirit of wine 


8M 


Sulphuric ether 


7M 


Nitric ditto 


906 


Muriatic ditto 


ISO 


Acetic ditto 


Mi 


Highly concentrated sulphuric ac 


:id . dISt 




IMl 


Highly concentrated nitric acid 


1580 


Common nitric acid 


im 


Muriatic acid 


IIM 


Fluoric ditto 


IMO 


Red acetous ditto 


lOU 


White acetous ditto 


1014 


Distilled ditto ditto 


1010 


Acetic ditto 


1000 


Formic ditto 


MHI 


Station of caustic aimnonia, or 




jSfiSf ntial oil of turpentine 


01O 


Liquid tiu-pentine 


001 


Volatile oil of lavender 


00* 


Yolatile oil of cloves 


1000 


Volatile oil of cinnamon 


iai4 


Oil of olives 


015 
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19 i 



Maltic . . , 


r • « 




ior4 


atahix . .. • . 




1110 


Gjphke copal 




1140 


mHagascar ditto. 






1060 


Obinese ditto 






1089 


Iteni 






lOlS 


LAbdanum 






1186 


Dintgon's blood 






1805 


Giitn lac . 






11^ 


Oifkn elastic 






«94 


OàDiphor 






. .■■ Bm 


Gkttn ammoniac 






ion 


Giimboge 






iiasa 


Myrrh 






. 'iii9 


Gf^banum 






lait 


Aadafcetida 






. 1389 


Glim arabic • 






14J» 


Tragacantb 




/ 


. ISK 


Terra Japonica 




. 


1999 


S^otrine aloes 






1390 


Ofiium 






. 1307 


IMigo . 






768 


¥tBllow wax 






965 


Milite ditto 






969 


fljpennacoti 






948 


Baeffat 






928 


▼eal fat 






984 


Mutton fat 






924 


TittJow 






94fi 


W!9g*%ht 






98-? 


Lard . . 






948 


Butter 






94£ 


woops. 


Heart of Oak 60 years old . • . 1170 


Hmk ' 


• ■ #■■■■■• 




840 



KS 



iSi 
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Ebn plank 
Aih ditto 
Bèèeh 
Alder 

Willow 

Male fir 

Female ditto 

Poplar 

White Spanish ditto 

Apple tree 

Pear tree 

Quiàce tree 

Medlar 

Plttsi tree 

Ciherry tree 

mberttree 

Ilreiich box 

Dutch ditto 

Butch y em 

Spanish ditto 

l^nish cypress 

Atikerican cedar 

planish Mulberry tree 



671 



MI 

550 
49a 
MS 
629 
7» 
Ml 
TO* 
9U 
■ W3l 
71«* 
600 

^m 
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diMil measures^ we think it our duty to give here a similar 
tdbie of the ancient Hebrew, Greeks aiid Roman weights; 
and also of the modem weights, of different countries^ 
ptrticularly in Europe, as compared with the Epglish 
trùy pound. 
« ■ - "_ 

ANCIBNT WEIGHTS. 



t - . 


Mebrew Weights. 




•: * : 


Ort. Troy. 


lib. OS. dwt. gM. . 


The obolus called gerah . 10*66 . 


10*66 


Half shekel or beka . 103*37 . 


4 7'S7 


Shekel . . 


. 206*74 - . 


8 14*74 


Mina or mandi 


. 12453*67 • ' 


2 l' 18 21*67 


Talent or cicar 


622683*6 • J 


108 1 5 3*6 


- 


Jttie Greek Weights*. 


,. 




Qn. Troy. 


lib. OS. èwt. gn. 


Cbaicm 


. 'sa • 


Q O-SS 


Obolus 


. 8*20 . 


8*S6 


Drachma 


. 51*89 . 


2 9*89 


XKdrachma . 


. 103*78 . 


4 7*78 


Tetradracbma 


. 307*56 . 


8 15-56 


Lesser mina of 75 drachms 3891*77' . 


S 8 3*77 


Greater mina of 100 drachms 5189*03 * 


10 16 5*03 



Lesser talent of 60 lesser 

minss . • . 233506*20 ; 40 6 9 lO-flO 
Greater talent of 60 greater 

mines • • . Slld41'8 » 54 O Id IS'8 



Senum Weighs, 






On. Troy. 


lib. 


OS. dwt grt. 


The denarius . . . 51*89 


• 


2 3*89 


Ounce, equal to 12 denarii . 41 5*12 


• 


17 7*12 


At or pound, equal to 12 






ounces . . . 4981*44 


. 


10 7 13*44 



* ttafti^bffioptrhsrstoobtirvBy^tthjMswiii^ti wartaltlM tsms 
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On. Troy. lib.' 9M, évt; fHu 

Another pound of 10 ounces 4151*9 • Q a. IS 29i( 
The lesser talent . • 3S3506-SO . 40 6 ^ IQrfO 
The greater talent . 311341-$ * 54 1« l^i8 

The above tables are taken from a work by M«ChrisU49>f 
entitled, Delle AGsure d*ôgni génère, antiebe è moderne^ 
&c; printed in quarto^ at VenicOy in the year 1760. As 
this is an obscure subject^ and as some difference prevails 
among the learned in regard to the value of the ancient 
weights, the translator has added the following tahleafiKKn 
Arbuthnot, in order to render this article more oompleteu 

Jewish weights reduced to English Troy weight. 

lib. oz. dvt. ipr. 

The shekel . . . 9 2^ 

Maneh • , . ^ ^ ^ ^ ^^ 



Talent 



113 10 1 lOf 



The most ancient Grecian weights, reduced to English Itivjf 

weight. 



Drachma 
Mina 
^ Talent 



lib. OS. clwt gr. 

•0 a 6 '«JJ 

1 i 414 

65 12f 5^ 
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Tbe Roman ounce is the English avoirdupois ounce^ 
which they divided into 7 denarii, as weU as 8 drachms : 
and since they reckoned their denarius equal to the Attic 
drachm, this will make the Attic weights ^ heavier than 
the cchrrespondent Roman weights. 

We shall here observe, that the Greeks divided their 
obolus into chalci and lepta: thus, Diodorus and Suidas 
divide the obolus into 6 chalci, and every chalcus into 7 
lepta: others divided the obolus into 8 chalci, and every 
chalcus into 8 lepta, or minuta. 

The greater Attic weights^ reduced to English Troy weight. 

lib, oz. dwt. gn. 
Libra or pound • . • 10 18 1^ 
Common Attic mina • . Oil 1 l6f 
Another mina used in medicine 1 2 ïi 10^ 
The common Attic talent . 56 U 17f 

It is here to be remarked, that th^re was another Attic 
talent, said by some to consist of 80, and 'by others of 100 
minae. Every mina contains 100 drachmae, and every 
talent 60 minae; but the talents difler in weight, according 
to the different standard of the drachmae and minae of 
which they are composed. The value of different min^ 
«nd talents, in English Troy weight, is exhibited in the 
following tables : 

Table of different mina» 



Egyptian mina 
Antiochic • • 
Ptolemaic of Cleopatra 
Ale3candrian of Dioscorides 


lib. 02. dwt. gn. 
1 5 6 22|4 
1 5 6 22^ 
1 6 14 16|| 
1 8 16 7$J 


Table of d^erent 


Talents. 


Egyptian • • 
Antiochic • • . 


lib. 02. dwt $n, 
86 S 16 8 
86 8 16 S 
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lib. 02. dwt. gr. 


Ptolemaic of Cleopatra • 


93 11 11 


Alexandrian . 


• • • 


104 19 14 


Of the Islands 


• • • 


130 1 4 12 


Antiochian . 


• * • 


390 3 13 U 


Modem weifhts of the principal cotmtries in the Tunn^ldy and 


particularfy in Europe. 




Grs. Troy. 


lib. ox. dwt.* gr. 


Aleppo, the pound. 






called rotolo 


. 30984-86 


. 5 4 11 0-86 


Alexandria in Egypt 


. 6158*74. 


. 1 16 14-74 


Alicant • 


. 6908-58 


.12 7 20*58 


Amsterdam 


. 7460-71 


. 1 3 10 20-71 


Antwerp, and the 






Netherlands 


. 7048-15 


. 1 2 15 4*15 


Avignon 


. 6216-99 


. 1 19 0-99 


Basle 


. 7713-31 


.14 1 9-31 


Bayonne 


. 7460-71 


. I 3 10 20-71 


Bergamo ■ | 


• 4663-97 
. 11659-52 


. 9 14 7-97 
.205 19-52 


Berghen 


. 7833-17 


.14 6 9*17 


Berne 


. 6721*53 


. 1 2^ 1-53 


Bilboa . 


. 7460-71 


. 1 3 10 20^71 


Bois-le-Duc . 


. 7105-48 


. 1 2 16 1*48 


Bourdeaux, see Bayonn 


e. 




Bourg 


. 7073-57 


. 1 2 14 17*57 


Brescia : 


. 4496-61 


.097 8*61 


Cadiz 


. 703^-21 


. 1 2 13 6*21 


China fthe kin) 


. 9222*93 


. 1 7 .4 6-9$ 


Cologne • . . 


• 7220-34 


.13 20-34 


Constantinople 


. 757803 


. 1 3 15 18*03 


Copenhagen • 


. 6940-58 


.12 9 4*58 


Damascus 


. 256 12*88 


.457 4*88 


Dantzic 


. 6573*86 


. 1 1 13 21-86 


Dublin • 


• 7774-11 


. 1 3 19 18*11 


Florence . 


• 5286-65 


. 11 e^QB 
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^- 


■f On. Troy. 


Uh. 


oi. dwt.. gr. 


Genoa '| 




. 4426-05 . 





9 4 10-05 




. 6637-85 . 




1 16 3-8i 


Geneva . 




. 8407-45 . 




5 10 7-46 


Hamburgh 




7314'68 . 




S 4 18-68 


Konigsberg 




5968-41 . 




8 16-41 


Leghorn 




5145-54 . 





10 14 9-54 


Leydea • 


. 


7038-21 . 




2 13 6-21 


liege • ' . 




7089*07 . 




2 15 9-07 


Lille . . 




6544-33 . 




1 12 16*3S 


Lbbon 




7005-39 . 




2 11 21-39 


Lucca 




5272-71 . 





10 19 16-71 


Lyons {S'^''««!'\, • 
•^ I Town weight 


, 6946-32 . 




2 9 1032 


, 6431-95 . 




1 7 23-93 


Madrid . . .* . 


6544-33 . 




1 12 16-SS 


Malo St. see Bayonne. 








Marseilles 


. 6041-42 . 


1 


11 17-42 


Mechlin, see Antwerp. 








Mêlun • . . . 


4440-82 . 





9 5 0-82 


Mesrâna . • • . 


4844-46 . 





10 1 20-46 


Montpellier . . 


6217-81 . 




19 1*81 


NaiDur « • • 


. 7174'39 . 




2 18 22-39 


Nancy . 


, 7038-21 . 




2 IS 6-21 


Nantes, see Bay<mne. 








Naples . . • . 


4951-93 . 





10 6 T9S 


Nuremberg • 


. 7870*91 . 




4 7 22^91 


Fans 


7560-80 . 




S 15 0*8 


Pisa, see Florence. 








Revel . . 


6578-86 . 




I IS 21-86 


Biga . . . , 


6148-89 . 




16 4-89 


Rome 


. 5257-12 . 





10 19 1-12 


Rouen • . • . 


7771-64 . 




4 3 19*64 


Saragossa 


. 4707-45 . 





9 16 3-45 


Seville . 


. 7038-21 . 




2 13 6-21 


Smyrna . 


6544-33 . 




1 12 16-33 


Stettin . 


» * 


6782-24 . 




2 2 14*24 



U9 



«ABU «or WBionts: 



* '• 1 • . ' 


Grt. Troy, 


lib. 


<n. éwt gr. 


IStockholm . . % 


9211*45 


. 1 


7 3 19*45 


Sttnisburg . • . 


7276-94 


. 1 


3 3 4*9* 


Tooloiiae^ and upper . 


, 






Lsingueëoc • . • 


6322-82 


. 1 


1 »1Û4S 


Tlur^l and Piedmont^ in 








gen^ . i . 


4939-62 


. .0 


10 5 ]9*6£ 


Tunis and Tripoli, in 






»• 


Barl^ry • . • . 


7139-94 


. 1' 


2 17 11*94 


-Venice S'^^^P^^"^ • 
<. greater do. 


4215-21 


. .0 


& 15 l«*2i 


6826-54 


. 1 


a 4 10'«4 


Verona . . 


5374-44 


. 


11 8 28*44 


Vicenza S leaser pound . 
t greater do. . 


4676-28 


. 


9 14 20*28 


6879-06 


. 1 


2 6 15*05 



To reduce 4ny of the weights in the preceding table to 
English averdupois pounds, nothing will be necessary but 
to divide the grains' Troy, in the first column^ by 1000. 

FRENCH WEIGHTS. 

The Paris pound, pdds de mark of Charlemagne, con- 
tains 9816 Paris grains : it is divided into 16 ounces eack 
ounce into 8 gros, and each gros into 72 grains*. It is 
equal to 7561 English Troy grains. 

The English Troy pound, of 12 ouncesj contains 5760 
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Eng* Troy grains. 

Decagramme • . • . 154*45793 

Hectogramme • • • • 1544*57938 

Chiliogramme • . - • • 15445*79386 

Mjrriagramme • . • 154457*93860 

A decagramme is 6 dwtà. 10*45 grs. Troy, or 2 drs. 1 
8cr. 14*45 grs. apoth. weight, or 5*648 drams, averdupois. 

A hectogramme is 3 oz. 8*48 drs. averdup. 

A chiliogramme is 2 lbs. 3 oz. 4*87 drs. aver. 

A myriagramme is 22 lbs. 1 oz* 0*73 drs. aver. 



MATHEMATICAL 

AND 
PHILOSOPHICAL 

RECREATIONS. 



PART FOURTH. 

C&ntaimng many curious Problems in Optics. 

The properties of light, and the phenomena of vision^ 
form the object of that part of the mixed mathematics^ 
called optics; which is commonly divided into four branches, 
viz, direct optics, or vision, catoptrics, dioptrics, and per- 
spective. 

light indeed may reach the eye three ways : either 
directly; or after having been reflected, or after having 
been refracted. Considered under the first point of. view, 
it gives rise to the first branch of optics, called direct optics, 
or vision ; in which is explained every thing that relates to 
the direct propagation of light, or by a straight line from 
the object to the eye, with the manner in which*^ objects 
are perceived, &c. 

Catoptrics treat of the effects of reflected light, and the 
phenomena produced by the reflection of light from sur- 
faces of different forms ; plane, concave, convex, &c« 

When light, by passing through transparent bodies, is 
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turned aside from its direct course, which is caDed re* 
fraction, it becomes the object of dioptrics. It is this 
branch of optics that explains the eflRacts of refracting 
telescopes, and of microscopes. 

Perspective ought to form a part of direct optics, as it 
is merely il solution of the different cases of the foUowing 
problem : On a given surface to trace out the image of aa 
object in such a manner^ that it shail make on the eye, 
when placed in a proper station, the same impression as 
the object itself — a problem purely geometrical, and in 
which nothing .is required but t6- determine, on a plane 
given in position, the points where it is intersected by 
straight lines drawn to the eye from every point of the 
object. Consequently, the only thing here borrowed from 
optics, is the principle of the rectitude of the rays of light, 
as long as they pass through the same medium: the rest is 
pure geometry. 

Witbopt eoofining ourselves to any other order than 
that of method, we shall now take a view of the most 
curious problems and pheâomena in this interesting pairb 
of the mathematics. 



On the nature of light. 



.* I 



Before we enter into any details respecting optics, if« 
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specious reasons give to this opinion a considerable degree 
of probability, notwithstanding some physical difficulties 
i¥hicb it is not easy to obviate* 

According to Newton, light is produced from luminous 
bodies by the emisfsion of particles highly rarefied, and 
projected with prodigious velocity. The physical dif^ 
ficulties which militate against the former opinion, seem 
to serve as proofs of the present one; for the nature and 
propagation of light can be conceived only in these two 
ways. 

But, whatever may be the nature of light, it is proved 
that it moves with astonishing velocity, since it is weU 
known that it employs only 7 or 8 minutes in passing from 
the sun to the earth; and as the distance of the sun from 
the earth, according to the best observations, is 24000 
semi-diameters of the latter, or about 95 millions of milea, 
light moves at the rate of about two hundred thousand 
miles per second : at which rate it goes firom the earth to 
the moon, and returns from the moon to the earth, in less 
than 8 seconds. 

The principal properties of light, or those which form 
the foundation of optics, are the following: 

1st. Light moves in a straight line, as long as it passes 
through the same transparent medium. 

This property is a necessary consequence of the nature 
of light ; for whatever it may be, it is a body in motion. 
But a body moves in a straight line if nothing obstructs or 
tends to turn it aside from its course; and as every 
thing in the same medium is equal in all directions, the 
light which passes through it must move in a straight lined 
course. 

. This principle of optics, as well as the following, may 
be proved by experiment. 

2dé^ Light f when it meets with a polished plane, is reflected, 
making^ iàe angle of reflection e^ual to the angle ^ 
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incidence ; and the refkctim àbmys takes place in a plane 
perpendicular to the reflecting surface j at the paint of 
reflectùm. 

That \%j if AB (plate 1 fig. 1) be a ray of light, falling 
on a plane surface de ; and if b be the point of reflection, 
to find the direction of the reflected rày bc, we must con- 
ceive to be drawn through the line ab, a plane perpen- 
dicular to the surface be, and intersecting it in the point 
b: if the angle cbe in this plane be then made equal to 
ABD, the line cb will be the reflected ray* 

If the reflecting surface be a curve, as «{ b c, a plane 
touching that surface, must be conceived passing through 
fi, the point of reflection: the reflection will take place 
the same as if it were produced by the point b ; for it i» 
evident that the curved surface and the plane, a tangent 
to it in the point b, coincide in that infinitely small part, 
which may be considered as a plane common to the curved 
surface and to the tangent plane : the ray of light there- 
fore must be reflected from the curved surface, in the same 
manner as from the point b of the plane which touches it. 

3d. Light y in passing obliquely from one medium into another 
of a different density ^ is turned aside from its rectilineal 
directum^ so as to incline towards the perpendicular when 
it passes from a rare medium into one that is denser^ as 
from the air into glass or water ; and vice versa. 

This proposition may be proved by two ezperimentt, 
which are a kind of optical illusions. ^ 

EXPERIMENT 1. 

Expose to the sun, or to any other light, a vessel abcj(> 
(fig. 2 pi. 1), the sides of which are opake, and examine at 
what point of the bottom the shadow terminates. We shall 
here suppose that it is at e. Then fill it to the brim with 
water or oil, and it will be found that the shadow, instead 
of terminating at the point B, will reach no farther than to f» 
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This difference can arise only from the inflection of the 
ray of light sa, which touches the edge of the vessel. 
When the vessel is empty, this ray, proceeding in the 
straight line sae, makes the shadow terminate at the point 
É ; but when the vessel is filled with a fluid denser than 
air, it falls back to af. This inflection of a ray of lights 
in passing obliquely from one medium into another^ b 
called Refraction. 

EXPEKIMENT It» 

Place at the bottom of a vessel, the sides of which are 
opake, at c for example, (fig. 3 pi. 1) a piece of money or 
any other object, and move backwards from the vessel till 
the object disappears ; if water be then poured into the 
vessel, the object will immediately become visible, as well 
as that part of the bottom which was concealed from your 
sight. The reason of this is as follows : 

When the vessel is empty, the eye at o can see the point 
c only by the direct ray cao, which is intercepted by the 
edge A of the vessel ; but when the vessel is full of water, 
the ray cd, instead of continuing its course directly to s, 
is refracted into do, by diverging further from the per- 
pendicular DP. This ray conveys to the eye the appear- 
ance of the point c, which is seen at c, in the straight line 
OD continued : the bottom therefore, in this oase^ appears 
to be raised. For the same reason, a straight stick or rod, 
when immersed in water, appears to be bent at the point 
where it meets with the surface, unless it be immersed in 
a perpendicular direction. 

Philosophers have carefully examined the law according 
to which this inflection takes place, and have found that 
when a ray, as ef (fig. 4 pi. 1), passes from air into glass, 
it is refracted into fi, in such a manner, that the sine of 
the angle CFsand that of DFi,are in a constant ratio. Thus, 
if the ray ef be refracted into fi, and the ray ev into Ff, 
Ae sine of the angle cfs will have the same ratio to the 

VOL. II. L 
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sine of dfi, as the sine of the angle eve has to that of bwû* 
Thisratio^ when the ray passes from air into common glass, 
is always as 3 to 2 ; that is to say, the sine of the angle 
which.the refracted ray forms with the perpendicular to 
the refracting substance, is always two thirds of the sine 
of the angle formed by the incident ray with the same 
perpendicular. 

It is to be observed, that when the latter angle, that is 
the distance of the incident ray from the perpendicular, 
which is called the angle of inclination, is very small, the 
angle of refraction may be considered as two thirds of it, 
because small angles have nearly the same ratio as their 
sines. We here suppose that the ray passes from air into 
glass ; for it is well known, and may be easily proved by 
the table of sines, that when two angles are very small, that 
is, if they do not exceed 5 or 6 degrees, they are sensibly 
in the same ratio as their sines. Thus^ in the case above, 
the angle of refraction ifd, will be two thirds of the angle 
of inclination gfe ; and consequently the angle formed by 
the refracted ray and the incident, continued in a straight 
line, will be one third of it. 

When the passage takes place from air into water, the 
ratio of the sine of the angle of inclination, and that of the 
angle of refraction, is that of 4 to 3; that is, the sine of the 
angle dfi is constantly j- of the sine of gfe, theangle of 
inclination, of the ray incident in air. Consequently, when 
these angles are very small, they may be considered as 
being in the same ratio; and the angle of refraction will 
be i of the angle of inclination. 

This proportion is the basis of all the calculations of 
dioptrics ; and on that account ought to be well imprinted: 
in the memory. For the discovery of it -we are indebted 
to the celebrated Descartes; though it appears certain, by 
the testimony of Huygens, that a law of refraction equally 
constant, and which in fMt is the same, was discovered 
l^d^ by WUlobrod Snell» a Dutch mathematidan. But 
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Yotsius is wrong when be asserts, as he does in his book 
De Natara Lacis, that the expression of Snellius was mote 
convenient. This learned man did not know what he said, 
when he attempted to speak of natural philosophy. 

PROBLEM I. 

To exhibit^ in a darkened room, external objects^ in their 
natural colours and proportions. 

Shut the door and windows of the apartment, in such a 
manner, that no light can enter it, but through a small 
hole very neatly cut in one of the window shutters, oppo^ 
site to some well frequented place or landscape; then hold 
a white cloth or piece of white paper opposite to the hole, 
and if the external objects are strongly illuminated, and 
the room very dark, they will appear as if painted on the 
cloth or paper, in their natural colours, but inverted. 

The experiment, performed in this simple manner, will 
succeed well enough to surprise those who see it for the 
first time; but it may be rendered much more striking by 
means of a lens. 

Adapt to the hole of the shutter, which in this case must 
be some inches in diameter, a tube having at its internal 
extremity a convex lens, of 4, 5, or 6 feet focus; if a [ûece 
of white cloth, or a sheet of paper, be then held at that 
distance from the glass, and in a direction perpendicular 
to the axis of the tube, the external objects will be painted 
on the cloth or paper, with much more distinctness and 
vivacity of colouring, than in the preceding experiment ; 
and in so accurate a manner, that the features of the 
person seen may be distinguished. This spectacle is highly 
amusing, especially when a public place, a promienade 
filled with people, 8cc, are exhibited. 

This painting indeed is inverted, which destroys a little 
of the e£Fect ; but di£Ferent methods may be employed to 
make it appear in its natural position: it is however to be 
regretted that this cannot be done without injuring the 

1-2 
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distinctness^ or lessening the field of the picture. Those 
who may be desirous of seeing the objects erect^ must 
proceed in the following manner: 

At about half the focal distance of the lens place a plane 
mirror, inclined at an angle of 45^, so that it may reflect 
downwards the rays proceeding from the lens; if you 
then place horizontally below it a sheet of paper, the 
image of the external objects will appear painted on the 
paper» and in their natural situation to those who have 
their backs turned towards the window. Fig. 5, represents 
ibe mechanism of this inversion, of which a clear idea can- 
not be formed without some knowledge of catoptrics* 

The sheet of paper may be extended on a table, and 
nothing will be necessary but to dispose the glass and 
mirror at such a height from the paper, that the objects 
may be distinctly painted on it. By these means a land- 
scape, or edifice, 8ic, may be exactly delineated with great 
ease. 

PROBLEM II. 

To construct a portable Camera Obscura. 

Construct a wooden box abcd (fig. 6 pi. 1), about a foot 
in height, as much in breadth, and 2 or S feet in length, 
according to the focus of the lenses employed. To one 
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tube, furnished with the lenses, towards them ; and adjnst 
it, either by drawing it out or pushing it in, till the image 
of the objects is painted distinctly on the'oiled paper. 

The following is the description of another camera 
obscura, invented by Gravesande, and of which he gave 
an account at the end of his Essay on Perspective* 

This machine is shaped almost like a hackney chair ; 
the top of it is rounded off towards the back part, and be- 
fore it swells out into an arch at about the middle of its 
height. See plate II fig. 7, where this machine is repre- 
sented with the side opposite to the door taken off, in order 
that the interior part of it may be exhibited to view. 

1st. The board A, in the inside, serves as a table : it 
turns on two iron hinges fastened to the fore part of the 
machine, and is supported by two small chains, that it 
may be raised to facilitate entrance into the machine. 

2d. To the back of the machine» on the outside, are af- 
fixed four small staples c, c, c, c, in which slide two pieces 
of wood D£, BE, 3 inches in breadth ; and through these 
pass two other pieces, serving to keep fast a small board p, 
which by their means can be moved forwards or back- 
wards. 

3d. At the top of the machine is a slit pmoq, 9 or 10 
inches in length, and 4 in breadth, to the edges of which 
are affixed two rules in the form of a dove tail : between 
these slides a board of the same length, having a round 
hole, of about 3 inches diameter, in the middle, furnished 
with a nut, that serves to raise or lower a tube about 4 
inches in height, which has a screw corresponding to the 
nut. This tube is intended for receiving a convex glass. 
• 4th. The moveable board, above described, supports a 
square box x, about 7 and a half inches in breadth, and 10 
in height, the fore part of which can be opened by a small 
door, and in the back part of the box towards the bottom 
is a square aperture n, of about 4 inches in breadth, which 
nay be shut at pleasure by a moveable board. 
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5th. Above this square aperture is a slit parallel to Ae 
tiorizon, and which occupies the whole breadth of the box. 
It serves for introducing into the box a plane mirror, which 
slides between two rules so that the angle it makes with 
the horizon towards the door b is 112io, or ^ of a right 
angle. 

6th. The same mirror, when necessary, may be placed 
in a direction perpendicular to the horizon, as seen at Hf 
by means of a small iron plate adapted to one of its sides, 
and furnished with a screw which enters a slit formed in 
the top of the machine, and which may be screwed fast by 
a nut. 

7th. Within the box is another small mirror ll, which 
turns on two pivots, fixed a little above the slit of No. 5, 
and which, being drawn up or pushed down by the small 
rod s, may be inclined to the horizon at any angle what- 
ever. 

8th. That the machine may be supplied with air, a tube 
of tin-plate, bent at both ends, as seen fig. 8, may be fit- 
ted into one of the sides: this will give access to the air 
without admitting light. But, if this should not be suf- 
ficient, a small pair of bellows, to be moved by the foot, 
may be placed below the seat, and in this manner the air 
may be continually renewed. 
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borijEdh an angle of nearly 45% if you intend to represent 
object at a considerable distance, and which form a per- 
pendioular landscape. When this is done, all those ob- 
jects which transmit rays to the mirror ll, so as to be re 
fleeted on the convex glass, will appear painted on the 
paper frame : the point where the images are most distinct 
may be found, if the tube which contains the lens be 
lowered or raised, by screwing it up or down. 

By these means any landscape, or view of a city, 8tc, 
may be exhibited with the greatest precision. 

IL To represent objects in such a manner , as to make that 
which is on the right appear on the lefty and vice versa. 

The box x being in the situation represented in the 
figure, open the door b, and having placed the mirror h 
in the slit, and in the situation already mentioned No. 5, 
raise the mirror ll till it make with the horizon an angle 
of 22-^ degrees ; if the fore part of the machine be then 
tamed towards the objects to be represented, which we 
here suppose to be at a considerable distance, they will 
be seen painted on the paper, but transposed from right 
to left. 

It may sometimes be useful to make a drawing where 
the objects are transposed in this manner ; for example, in 
the case when it is intended to be engraved ; for as the 
impression of the plate will transpose the figures from 
right to left, they will then appear in their natural posi- 
tion. 

III. To represent in succession aU the oljects in the ndghr 
bourhoodj and quite around the machine. 

Place the mirror h in a vertical position, as seen in the 
figure, ^nd incline the mirror L at an angle of 45 degrees ; 
if the former be then turned round vertically, the latéral 
objects will be seen painted in succession on the paper, in 
a very pleasant manner. 
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It must here be observed^ that it will be nc 
cover the mirror h with a kind of box made of paiteboaid> 
open towards the objects^ and also towards the aperture h 
of the box X ; for if the mirror h were left entirely exp 
posed, it would reflect on the mirror l a great many lateral 
rays, which would considerably weaken the efiect. 

IV. To represent the image of paintings or prints. 

Affix the painting or print to the side of the board f» 
which is next to the mirror L, and in such a manner that it 
may be illuminated by the sun. But as the object in thig 
case will be at a very small distance, the tube must be fur- 
nished with a glass, having its focal distance nearly equal 
to half the height of the machine above the paper : if the 
distance of the painting from the glass be then equal to that 
of the glass from the paper, the figures of the painting will 
be represented on the paper exactly of the same size. 

The point at which the figures have the greatest dis- 
tinctness, may be found, by moving backwards or forwards 
the board f, till the representation be very distinct. 

Some attention is necessary in regard to the aperture of 
the convex glass. 

In the first place, the same aperture may in general be 
given to the glass as to a telescope of the same length. 
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Màtaining 5 or 6 persons, fill viewing the exhibition to» 
getfaer^ All the motions of the glasses are easily perform» 
ed by one of the persons within, by means of attached rods} 
and the images are thrown on a large and smooth concave 
table, cast of plaster of Paris^ and moveable np and down 
so as to suit the distances of the objects. 

PROBLEM III, 

To explain the nature of vision, and its principal phenomena. 

Before we explain in what manner objects are perceived, 
it will be necessary to begin with a description of the won*- 
ilerfal organ destined for that purpose^ 

The eye is a hollow globe, formed of three membranes, 
which contain humours of different densities, and which 
produces in regard to external objects the same eflfect as 
the camera obscura. The first or outermost of these menw 
branes, called the Sclerotica, is only a prolongation of that 
which lines the inside of the eye-lids. The second, called 
the Choroides, is a prolongation of the membrane which 
covers the optic nerve, as well as all the other nerves. 
And the third, which lines the inside of the eye, is an ex^ 
pansion of the optic nerve itself: it is this membrane, en» 
tirely nervous, which is the organ of vision ; for notwith- 
standing the experiments in consequence of which this 
function has been ascribed to the choroides, we cannot 
look for sensation any where else than in the nerves and 
nervous parts. 

In the front of the eye the sclerotica changes its nature, 
and assumes a ^ore convex form than the ball of the eye^ 
forming here what is called the Transparent Cornea. The 
dioroides, by being prolonged below the cornea, must ne- 
cessarily leave a small vacuity, which forms the anterior 
leceptacle of the aqueous humour. Thb prolongation 
o[ the choroides terminates at a circular aperture well 
known under the name of the Pupil. The coloured part 
ir)i|ch iiirrounds this iqperture is called the Iris or Uvea ; 
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It is sasceptible of dilatation and contraction^ so diat^ i 
■exposed to a strong ligbt,\the aperture of the pupil coiw 
tracts, and in a dark place it dilates. 

This aperture of the pupil is similar to that of the 
•camera obscura. Behind it is suspended, by a circular 
ligament, a transparent body of a certain consistence, and 
having the form of a lens: it is called the Crystalline 
Humour, and, in this natural camera obscura, performs 
the same office as the glass in the artificial one. 

By this description it may be seen that, between the 
eornea and the crystalline humour, there is a sort of cham- 
ber, divided into nearly two equal parts, and another be- 
tween the crystalline humour and the retina. The first is 
filled with a transparent humoUr similar to water, on which 
account it has been called the Aqueous Humour. The 
second chamber is filled with a humour of the same con- 
sistence almost as the white of an egg : it is known by the 
name of the Vitreous Humour. All these parts may be 
seen represented plate 3, fig. 9 ; where a is the sclerotica, 
b the cornea, c the choroides, d the retina, e the aperture 
of the pupil, ^the uvea, h the crystalUne humour, it the 
aqueous, kk the vitreous, and /the optic nerve. 

As it is evident, from the above description, that the eye 
is a camera obscura, but more complex than the artificial 
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eornea x>f it be placed before the bole of a camera obscura, 
the image of the external objects will be seen painted on 
the retina at the bottom of it* 

But it may here be asked , since the images of the ob* 
jects are inverted, how comes it that they are seen in their 
proper position i This question can have no difficulty but 
to those who are ignorant of metaphysics. The ideas in» 
deed which we have of the upright or inverted situation of 
objects» in regard to ourselves, as well as of their distance, 
are merely the result of the two senses, seeing and touch- 
ing combined. The moment we begin to make use of our 
sight, we experience by means of touching, that the ob- 
jects which affect the upper part of the retina, are to- 
wards our feet in regard to those that affect the lower part, 
which touching tells us are at a greater distance. Hence 
is established the invariable connection that subsists be- 
tween the sensation of an object which affects the upp^ 
part of the eye, and the idea of the iowness of that^ 
object. 

But what is meant by Iowness? It is being nearer the 
lower part of our body. In the representation of any ob- 
ject, the image of the lower part is painted nearer that of 
our feet than the image of the upper part: in whatever 
place the image of our feet may be painted on the retina, 
this image is necessarily connected with the idea of in- 
feriority ; consequently, whatever is nearest to it neces- 
sarily produces in the mind the same idea. The two sticks 
of the blind man of Descartes prove nothing here, and Des- 
cartes would certainly have expressed himself in the same 
manner, had be not adapted the doctrine of innate ideas, 
proscribed by modern metaphysics. 

PROBLEM IV. 

To construct an artificial eye ^ for exhibiting and explaining 
all the plienomena of vision. 
This machine may be easily constructed from the fol- 
lowing description, abds is a hollow ball of wood (fig. 10 
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pi. 8), 5 or 6 inches in diameteri fonned of two hemU 
trpberes joined together at lm, and in such a manner^ that 
they can be brought nearer to or separated from each 
other about half an inch. The segment ab of the anterior 
hemisphere is a glass of uniform thicknessi like that of a 
ivatch; below which is a diaphragm, with a round hole, 
about 6 lines in diameter^ in the middle of it ; f is a lens^ 
convex on both sides, supported by a diaphragm, and 
having its focus equal to fc when the two hemispheres are 
at their mean distance. In the last place, the part dce is 
formed of a glass of uniform thickness, and concentric to 
the sphere, the interior surface of which, instead of being 
polished, is only rendered smooth, so as to be semi-trans- 
parent. Such is the artificial eye, to which scarcely any 
thing is wanting but the aqueous and vitreous humours ; 
and these might be represented also, by putting into the 
first cavity common water, and into the other water charged 
with a strong solution of salt. But for the experiments 
we have in view, this is entirely useless. 

This small machine however may be greatly simpUfied 
by reducing it to two tubes of an inch and a half or two 
inches in diameter, one thrust into the other. The first, or 
anterior one, ought to be furnished with a lens of about S 
inches focus; l)ut care must be taken to cover the whole 
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of the lens, if the machine be turned towards very distant 
objects, they will be seen painted with great distinctness 
on the i^tinal If the machine be lengthened or shortened, 
tilt the bottom part be no longer in the focus of the lens^ 
the objects will be seen painted, not in a distinct, but in a 
confused manner. 

Experiment II. 

Present a taper, or any other enlightened object, to the 
machine at a moderate distance, such as S or 4 feet, and 
cause it to be painted in a distinct manner on the retina, by 
moving the bottom of the machine nearer to or farther 
from the glass. If you then bring the object nearer, it will 
cease to be painted distinctly ; but the image will become 
distinct if the machine be lengthened. On the other hand^ 
if thé object be removed to a considerable distance, it will 
cease to be painted distinctly, and the image will not be- 
come distinct till the machine is shortened. 

Experiment III. 

A distinct image however may be obtained in another 
manner, without touching the machine. In the first case, 
if a conCjave glass be presented to* the eye, at a distance 
which must be found by trial, the painting of the object 
Will be seen to become distinct. In the second case, if a 
convex glass be presented to it, the same effect will be 
produced. 

These experiments serve to explain, in the most sen- 
sible manner, all the phenomena of vision, as well as the 
origin of those defects to which the sight is subject, and 
the means by which they may be remedied. 

Objects are only seen distinctly when they are painted 
in a distinct manner on the retina ; but when the conforma- 
tion of the eye is such, that objects, at a moderate distance, 
are painted in a distinct manner, those which are much 
nearer, or at irmuch greater. distance, cannot be painted 
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with -diatioctness. In the first case, the point of distinct 
vision is beyond the retina; and if it were possible ta 
change the form of the eye, so as to move the rqtina far- 
ther from that point, or the crystalline humour farther 
from the retina, the objects would be painted in a distinct 
manner. In the second case, the effect is contrary: the 
point of distinct vision is on this side of the retina; and, 
to produce distinct vision, the retina ought to be brought 
nearer to the crystalline humour, or the latter 'nearer to 
the retina. We are taught by experiment that in either 
case a change is produced, which is not made without 
some effort* But in what does this change consist? Is it 
in a prolongation or flattening of the eye? or is it in a 
displacement of th(3 crystalline humour? This has never 
yet been properly ascertained. 

In regard to sight, there are two defects, of a contrary 
nature, one of which consists in not. seeing distinctly any 
objects but such as are at a distance ; and as this is gene« 
rally a failing in old persons, those subject to it are called 
Presbytœ : the other consists in only seeing distinctly very 
near objects ; and those who have this failing are called 
Myopes.. 

The cause of the first of these defects, is a certain con- 
formation of the eye, in consequence of which the image 
of near objects is only painted in a distinct manner beyond 
the retina. But the image of distant objects is nearer than 
that of neighbouring objects, or objects at a moderate dit 
stance : the image of the former may therefore fall on the 
retina, and distant objects will then be distinctly seen, 
while neighbouring objects will be seen only in aconfoaed 
manner. 

But to render the view of neighbouring objects distiocti 
nothing else is necessary than to employ a convex glass» 
as has been seen in the third experiment: for a convex 
glass, by making the rays converge sooner, brings a di»* 
tinct image of the obgeet» nearer; consequently it will 
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produce on the retina a dktinct picture, which otherwise 
would have fallen beyond it. 

In regard to the myopes, the case will be exactly the 
reverse. As the defect of their sight is occasioned by a 
conformation of the eye which unites the rays too soon,' 
and causes the point where the image of objects mode- 
rately distant are painted with distinctness, to fall on this 
side the retina, they will receive relief from concave glasses 
interposed between the eye and the object; for these 
glasses, by causing the rays to diverge, remove to a 
greater distance the distinct image, according to the third 
experiment: the distinct image of objects which was be* 
fore painted on this side the retina, will be painted dis- 
tinctly on that membrane when a concave glass is em- 
ployed. 

Besides, myopes will discern small objects within the 
reach of their sight much better than the presbyte^ or 
persons endow^ with common s^^ht; for an object placed 
at a smaller distance from the eye, forms in the bottom of 
it, a larger image, n^rly in the reciprocal ratio of the 
distance. Thus a myope^ who sees distinctly an object 
placed at the distance of 6 inches, receives in the bottom 
of the eye an image 3 times as large as that painted in the 
eye^f the person who does not see distinctly but at tbe 
distance of 18 inches : consequently all the small parts of 
this object will be magnified in the same proportion, and 
will become sensible to the myope, while they will escape 
tbe observation of .the presbytœ. If a myope were in such 
a state as only to see distinctly at the distance of half an 
inch, objects would appear to him 16 times as large as to 
persons of ordinary sight, whose boundary of distinct 
vision is about 8 inches: his eye would be an excellait' 
microscope, and he would observe in objects what persons 
of ordinary sight cannot discover, without the assistaoQèT 
of that instrument. 
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IPROBLEM y. 

To cattse an object^ whether seen near hand or ai a great 
distance f to appear always of the same size. 

The apparent magnitude of objects, every thing eke 
being alike, is greater according as the image of the object 
painted on the retina occupies a greater space* But the 
space occupied by an image on the retina, is nearly pro-' 
portioned to the angle formed by the extremities of the 
object, as may be readily seen by inspecting fig. 11 ; coo» 
sequently it is on the size of the angle formed by the ex- 
treme rays, proceeding from the object, which cross each 
other in the eye, that the apparent magnitude of the ob- 
ject depends. 

This being premised, let ab be the object, which is to 
be viewed at different distances, and always under the 
same angle. On ab, as a chord, describe any arc of a 
circle, as acdb : from every point of this arc, as a, c, b, 
B, the object ^AB will be seen under the same angle, and 
consequently of the same size ; for every one knows that 
all the angles having ab for their base, and their summits 
in the segment acdb, are equal. 

The case will be the same with any other arc, as aojb. 
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tiêùf^ fdmikr ; ^nd hence it follows, that the angle adb b 
equal to bdc, as the point d is common to both the arcs. 

RsMABKS.— 1st. There are a great many points, such 
as Py which will answer the problem ; and it may be de- 
monstrated, that all these points are in the circumference 
of a semi-circle, described from the point i as a centre* 
This centre may be found by drawing, through the sum- 
mits F and o of the similar triangles afb and bgc, theline 
FO, till it meet ac produced, in i. 

âd. If the lines ab and bc form an angle, the solution 
of the problem will be still the same ; the two similar arcs 
described on ab and bc will necessarily intersect each 
other in some point n, unless they touch in b ; and this 
point D will, in like manner, give the solution of the pro- 
blem. 

5d. The solution of the problem will be still the same, 
eren if the unequal lines proposed, ab and bc (fig. 13 pi. 
4), are not contiguous; only care must be taken that the 
radii fb and oft, of the two circles, be such, that the cir- 
cles shall at least touch each other. If ab == a, b& =: c, 
bc = b, and ac =^ =: a+ b + c, that the two circles touch 
each other, fb must be at least = 

4^^ Tb ' ^^ i^'^^TT' 

and Gb = tfty- ^^"^^^^, or ibV^. If these 

lines be less, the two circles will neither touch nor cut 
each other. If they be greater, the circles will intersect 
each other in two points, which will each give a solution 
of the problem. Let a, for example, be =s 3, i sr 2, and 
c s 1 : in this case 6^ will be found ss ^2 zz 1-4142, and 
BF = iV'2 s= 2*1213, when the circles just touch each 
other ♦. 
4th. In the last place, if we suppose three unequal and 

• A coniidersble error in the originsllnt been befecoireded, botb in the 
«Isebraical expiemioni and in the nanenl Tnlnef . 
VOL. II. M 
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contiguous lines, as ab, bc, cd (fig. 14 pi. 4), and if tiie 
point from which they shall all appear under the saiae 
angle, be required, find, b}^ the first article, the circam- 
ference bkf &c, from every point of which the lines ab 
and BC appear under the same angle; find also the arc 
CBO from which bc and cd appear under the same angle'; 
then the point where these two arcs intersect each other, 
will be the point required. But to make these two circles 
touch each other, the least of the given lines must be be- 
tween the other two, or they must follow each other in this 
order, the greatest, the mean, and the least. 

If the lines ab, bc, and cd be not contiguous, or in one 
straight line, the problem becomes too difficult to be ad- 
mitted into this work. We shall therefore leave it to tbe 
ingenuity of such of our readers as have made a more 
considerable progress in the mathematics. 

PROBLEM VII. 

If hn he the length of a parterre^ situated before an edifice^ 

the front of which is cd, required the point in thatfnmi 

from which the apparent magnitude of the parterre ab 

wHl be the greatest (fig. 15 pi. 4). 

Take the height cs a mean proportional between cb 

and ca: this height will give the point required. For if 
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ftndraieiital principle of perspective represetitatioti) wfaich 
Wùàata in snpponng a vertical transparent plane between 
the eye and die object, called tbe perspective plane. As 
rays are supposed to proceed from every point of the ob- 
ject to the eye, if these rays leave traces on the vertical 
pbuie, it is evident that tliej will there produce the same 
«fleet on the eye as the object itself, since they will paint 
the same image on the retina» The traces made by these 
rays are called the Perspective Image. 

Let AC (fig. 16 pi. 4) then be the diameter of the circle 
on the horizontal plane acp, perpendicular to the pear« 
spective plane; qr a section of tbe perspective plane, 
and PC a plane perpendicular to the horizon and to the 
fine AP) in which it is required to find the point o, where, 
if the eye be placed/ the representation ^ c, of the circle 
ACy shall be also a circle. 

If po be made a mean proportional between ap and cp| 
the point o will be the one required. 

For, if PA be to po, as po to pc, the triangles pao and 
pco will be similar, and the angles pao and cop will be 
equal : the angles pao and ccq, or pao and rco, will also 
be equal; hence it follows that in the small triangle oco, 
the angle at c will be equal to the angle oac, and the an* 
gle at o being common to the triangles aoc and oor, the 
other two, AC« and cao, will be also equal : AO then will 
be to CO, as co to ao ; hence the oblique cone acO will be 
cut in a sub-contrary manner, or sub-contrary position, by 
the vertical plane qb, and consequently the new section 
will be a circle, as is demonstrated in conic sections. 

PROBLEM IX. 

JVhy is the image of the sun, which passes into a darkened 
apartmeni through a square or trianguiar hole, always 
circular ? 
This problem was formerly proposed by Aristotle, who 

gave a very bad solution of it; for he tfaid it arose from 

MS 
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the rayg of the sun aflecting a certain roundness, wimb 
they resumed when they had surmounted the restraint 
imposed on them by the hole being of a difierent figure; 
This reason is entirely void of foundation. 

To account for this phenomenon, it must be observed, . 
that the rays proceeding from any object, whether lumin* 
ous or not, which pass through a very small hole into 
a darkened chamber, form there an image exactly similar 
to the object itself; for these rays, passing through the 
same point, form beyond it a kind of pyramid similar: to 
the first, and having its summit joined to that of the first, 
and which, being cut by a plane parallel to that of the 
object, must give the same figure but inverted. 

This being understood, it may be readily conceived that 
each point of the triangular hole, for example, paints oln 
paper, or on the floor, its solar image round ; for every 
one of these points is the summit of a cone of which the 
solar disk is the base. 

Describe then on paper a figure similar and equal to 
that of the hole, whether square or triangular, and from, 
every point of its periphery, as a centre, describe equal 
circles : while these circles are stnall, you will have at first 
a triangular figure with rounded angles; but if the mag^. 
mtude of the circles be increased more and more, till thg 
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V 

tbç same figurç as the disk. The image of the moon 
therefore, when increasing, is always, at a suflSdent di- 
stance, a ^similar crescent, as is proved by experience^ 

PROBLEM X. 

^ To make an object which is too near the eye to be distinctly 
. perceived^ to be seen in a distinct manner, without the in- 
. terposition of any glass. 

■ - Make a hole in a card with a needle, and without chang- 
ing the place of the eye or of the object, look at the latter 
through the hole; the object will then be seen distinctly, 
and even considerably^ magnified* 

- The reason of this phenomenon may be deduced from 
the- foUowing observations: Wben an object b:not:dis- 
;tinctly! seen, on account of its nearness to ti(ie eye,' it is 
•because the rays proceeding from each of its points, and 
faUing on the aperture of the pupil, do not converge, to a 
point, as when thé object is at a proper distance:/ the 
image of each ppint is a. small circle, and as all the/ small 
circles, produced by the different points of the object,, en- 
fcroach on each other, all distinction is destroyed. iJBut, 
.when the object is viewed through a very, small hole^ each 
-pencil of rays, proceeding from each point of the .object, 
has no other diameter than that of the bole; and conse- 
quently the image of that point is considerably confined, 
in an extent which scarcely surpasses the size it wQuld 
have, if the object were at the necessary distance ; it^mnst 
therefore be seen distinctly^ 

PROBLEM XI. 

When the eyes are directed in such a manner as to see a very 
distaa/U olyect; why do near ol^ects appear double ^ and 
tice versa? 

The reason of this appearance is as follows. When we 
look at an object, we are accustomed, from habit, to direct 
the optical axis of our eyes towards that point which we 
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principmlly consider. As the images of ob j e cts are, in 
odier respects, entkelj similar, k dKOoe malts that, bck 
ing painted aroand that principal point of tke retina ait 
which the optical axis terminates, the lateral parts of an 
object» those on the right for example, are painted in each 
eye to the left of diat axis ; and die parts on the left are 
painted on the right of it Hence there has been esta^ 
blished between these parts of die eye such a correqpood* 
ence, that when an object is painted at the same time in 
the left part of each eye, and at the same distance from th^ 
optical axis, we think there is only one, and on the right; 
but if by a forced movement of the eyes we cause the 
image of an object to be painted in one eye, on the right 
of the optical axis, and in the other on the left» we acte 
double. But this is what takes place when, in direeting 
our ngbtto a distant object, we pay attention to a neigh- 
bouring object situated between the <qptical axes: it may 
be easily seen that the two images which are formed in tlie 
two eyes are placed, one to die right and die other to the 
left of the optical axis ; that is, on die right of it in the 
right e]re, and on the left of it in die left* If the opdeal 
axis be directed to a near object, and if attention be at die 
same time paid to a distant object» in a direct line, the eon- 
trary will be the case. By the eljfbct then of the habit. 
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' What tftk€S place here in regard to the sight, takes place 
also in regard to the touch ; for when two parts of the body 
-which do not habitually correspond, in feeling one and the 
same object, are employed to touch the same body, we 
imagine it to bo double. This is a common experimei^t. 
If one of the fingers be placed over the other, and if any 
small body, such as a pea for example, be put between 
them, so as to touch the one on the right side and the other 
on the lefib, you would almost swear that you felt two peasi. 
The explanation of this illusion depends on the same prin* 
ciples. 

PROBLEM XII. 

To cause an plff'ect, seen distincthf^ and withmt the inierpo* 

tition of any opake or diaphonous body, to appear to the 

naked eye inverted» 

Construct a small machine, such as that represented 
fig. 17 pL 4. It consists of two parallel ends, ab and co, 
joined together by a third piece ac, half an inch in breadth, 
and an inch and a half in length. This may be easily done 
by means of a slip of card. In the middle of. the end ab 
make a round hole s, about a line and a half in diameter ; 
and in the centre of it fix the head of a pin, or the point 
of a needle, as seen in the figure: opposite to it in the 
other end make a hole f with a large pin ; if you then 
apply your eye to b, turning the hole f towards the light 
or the flame of a candle, you will see the head of the pin 
greatly magnified, and in an inverted position, as repre- 
sented at 6« 

The reason of this inversion is, that the head of the pin 
being exceedingly near the pupil of the eye, the rays 
which proceed from the point f are greatly divergent, on 
account of the bole f ; and instead of a distinct and in- 
verted image, there is painted at the bottom of the eye a 
kind of shadow in an upright position. But inverted 
images on the retina convey to the mind the idea of up- 
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right object!: conseqneDtly, as tbig kind of image is op-* 
figbt, it must convey to the mind the idea of an inverted 
object. 

PBOBLEM XIII. 

T0€miêemn effect, without the interposition of any body^ to 
Hsoppearfrom the naked eye, when turned towards it. 

- For this experiment we are indebted to Mariotte : «id 
though ibe consequences he deduced from it have not been 
adopted, it is no less singular» and.seems to prove a par- 
ticular fact in the animal economy. 

FiXy at the height of the eye, on a dark ground, a small 
round piece of white paper, and a little lower, at the 
distance of 2 feet to the right, fix up another, of about 3 
inches in diameter ; then place yourself opposite to the 
first piece of paper, and, having shut the left eye, retire 
backwards, keeping your eye still fixed on the first object : 
when you have got to the distance of 9 or 10 feet, the. se- 
cond will entirely, disappear from your sight. 

This phenomenon b accounted for by observing, that 
when the eye has got to the above distance, the image of 
the second paper falls on the place wh/ere the optic nerve 
is inserted into the eye, and that according to every ap« 
pearance this place of the retina does not possess the pro*> 
perty of transmitting the impression of objects ; for while 
the nervous fibres in the rest of the retina are ^ruçk di- 
rectly on the side by the rays proceeding from the objects, . 
they are struck here altogether obliquely, which destroys 
the shock of the particle of light. 

PROBLEM XIV. 

To cause an object to disappear to both eyes at once^ though 

it may he seen by each of them separately. 

Affix to a dark wall a round piece of paper, an inch or 

two in diameter, and a little lower, at the distance of two 

feet on each side, make two marks :.thçn place, yourself 
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directly opposite to tbe paper, and hold the end of your 
finger l;>efore. your face in such a manner, that when the 
right eye is open, it shall conceal the mark on the left, and 
when the left eye is open, the mark on the right ; if you 
then look with both eyes to the end of your finger, the 
paper, which is not at all concealed by it from either of 
your eyes, will nevertheless disappear. 

This experiment is explained in the same manner as the 
former ;^for, by the means here employed, the image of 
the paper is made to fall on the insertion of the optic nerve 
of each eye, and hence the disappearance of the object 
from both* ^ 

PROBLEM XV. 

An optical game^ which proves that mth one et/e a person 
cannot judge well of the distance of an object. 

Present to any one a ring, or place it at some distance, 
andTin such a manner that the plane of it shall 6e turned 
towards the person^s face : then bid him shut one of his 
eyes, and try to push through it à crooked stick, of sù£5ci- 
ent length to reach it : he will very seldom succeed. 

The reason of this difficulty may be easily given : it de- 
pends on the habit we have acquired of judging of the di- 
stances of objects by means of both our eyes ; but when 
we use only one, we judge of them very imperfectly. 

A person with one eye would not experience the same 
r difficulty : being accustomed to make use of only one eye, 
he acquires the habit of judging of distances with great 
correctness. 

PROBLEM XVI. 

A person born blind j having recomered the use of his sight j 

. if a globe and a cube which he has learnt to distinguish by 

the touch are presented to him, will he be able on the first 

view without the aid of touching^ to tell which is the cube, 

.. md which is the globe f 



170 OPTICAL PROPESTIK«» 

This is the famous problem of Mr. Molyneux, which be 
proposed to Locke, and which has much exercised the in- 
genuity of metaphysicians. 

Both these celebrated men thought, not without reason, 
and it is the general opinion, that the blind man, on ac- 
quiring the use of his sight, would not be able to distin- 
guish the cube from the globe, or at least without the aid 
of reasoning ; and indeed, as Mr. Molyneux said, though 
this blind man has learned by experience in what manner 
the cube and the globe affect his sense of touching, hé 
does not yet know how.those objects which affect the touch 
will affect the sight; nor that the salient angle, which 
presses on his hand unequally when he feels the cube, 
ought to make the same impression on his eyes that it does 
on his sense of touching^ He has no means therefore of 
discerning the globe from the cube. 

The most he could do, would be to reason in the follow-» 
ing manner, after carefully examining the two bodies on 
all sides : ^* On whatever side I feel the globe,** he would 
say, ** I find it absolutely uniform ; all its faces in regard 
to my touch are the same ; one of these bodies, on what- 
ever side I examine it, presents the same figure, and the 
same face ; consequently it must be the globe.^' But is not 
this reasoning, which supposes a sort of analogy between 
the sense of touching and that of seeing, rather too learned 
for a man born blind ? It could only be expected from a 
Saunderson. But it would be improper here to enter into ' 
further details respecting this question, which has beea 
discussed by Molyneux, Locke, and the greater part of the 
modern metaphysicians. 

What was observed in regard to the blind man, restored 
to sight by the celebrated Cheselden, has since confirmed 
the justness of the solution given by Locke and Mcdy- 
neux. 

When this man, who bad been born blind, recovered his 
bright, the impressions ht experienced, imnediately after 
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^ operatk)!!, were carefully observed ; and the following 
is a short account of theoi. 

When he began to seCi he at first imagined that all ol;^ 
jects touched bis eyes, as those with which he was acr 
quainted by feeling touched his sjcin. He knew no figure, 
aod wa& incapable of distinguishing one body from another. 
He had an idea that soft and polished bodies, which af» 
fecled bis sense of touching in an agreeable manner ^ ought 
to a£Fect his eyes in the same way ; and he was much sur« 
prised to find that these two things bad no sort of connec- 
tion. In short, some months elapsed before he was able 
to distinguish any form in a painting ; for a long time it 
appeared to him a surface daubed over with colours; and 
he was greatly astonished when he at length saw his £ather 
in a miniature picture : he could not comprehend how so 
large a visage could be put into so small a space ; it ap- 
pieared to him as impossible, says the author from whom 
this account is extracted, as to put a cask of liquor intQ.ft 
pint bottle. 

PROBLEM XVII. 

To constrtict a machine hy means of which any objects whaU 
. ever may be delineated in perspective, by any person, 
though unacquainted with the rules of that science. 

The principle of this machine consists in making the 
point of a pencil, which continually presses against a piece 
> of paper, to describe a line parallel to that described by a 
point made to pass over the outlines of the objects^ the eye 
being in a fixed position, and looking through an im- 
moyeable sight. 

: The frame t, t, t,t (fig. 18 pi. 5>, supported in a per- 
pendicular direction by the two. pieoes of wood so» bo> 
passing through the two lower corners of it, is adapted for 
receiving a sheet of paper, on which the objects are to be 
traced out in perspective. The paper is extended on it, 
and kept i^ that positioi» by beipg ç^eo^ed at the fqiir 
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«PI perspective, without any knowledge of tht principles if 

the art. 

This method of representing an object in perspective 
requires, in the same manner as the preceding, no ac- 
quaintance with the rules of the art ; and the kind of ma- 
chine employed is much simpler -, but it supposes a con- 
siderable degree of expertness in the art of drawing, or at 
least enough to be able to delineate in one small space 
wliat is seen in another. 

To put this method in practice, construct a frame of such 
a size, that when looking at the object from a determinate 
point, it may be contained within that frame. Then fix: 
the place of the eye before the frame, and, in regard to its 
plane, in whatever manner you think proper. The best 
position for the eye, unless you intend to make a drawing 
somewhat fantastical by the position of the objects, will be 
in a line perpendicular to the plane of the frame, at a 
distance yearly equal to the breadth of the frame, and at 
the height of about two-thirds of that of the frame. This 
place must be marked by means of a sight or hole, about 
two lines in diameter, made in the middle of a square or 
circular vertical plane, of about an inch or two in breadth. 
Then divide the field of the frame into squares of an inch 
or two in size, by means of threads extended from the 
sides, and crossing each other at right angles. 

Then provide a piece of paper, and divide it, by lines 
drawn with a black lead pencil, into the same number of 
squares as the frame. When these preparations have been 
made, nothing is necessary but to apply your eye to the 
sight above mentioned, and to draw in each square of the 
paper that part of the object observed in the correspond- 
ing square of the frame. By these means you will obtain 
an exact representation of the object in perspective ; for 
it is evident that it will be delineated such as it appears to 
the eye, and perfectly similar to the figure which would 
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remain on any transparent substance extended on the 
frame, if the rays, proceeding from each point of the ob- 
ject to the eye, or the place of sight, should leave traces 
on that substance. The object, or assemblage of objects, 
will therefore be represented in perspective with great 
accuracy, 

Remabk.— -The same means may be employed to de* 
tnonstrate, in a sensible manner, without the least know* 
ledge of geometry, the truth of the greater part of the 
rules of perspective ; for if a straight line be placed be- 
hind the frame, in a direction perpendicular to its plane, 
you will see its image pass through the point of sight, or 
through that point of the plane of the frame which corre* 
spends to the perpendicular let fall from the eye on that 
plane. If the line be placed horizontally, and if you cause 
it to make an angle of 45 degrees with the plane of the 
picture, you will see the image of it pass through one of 
those points called this points of distance. If this line be 
placed in any direct^ion whatever, you will see its image 
concur with one of the accidental points. It is in these 
three rules that the whole of perspective almost consists. 

PROBLEM XIX. 

Of the apparent magnitude of the heœoenhf bodies on the 

horizon. 

It is a well known phenomenon that the moon and sun, 
when near the horizon, appear much larger than when 
they are at a mean altitude, or near the zenith. This 
phenomenon has been the subject of much research to 
philosophers ; and some of them have given very bad ex» 
planations of it. 

Those indeed who reason superficially, ascribe it to a 
very simple cause, viz, refraction; for if we look ob- 
liquely, say they, at a crown piece immersed in water, it 
appears to be sensibly magnified. But every body knows 
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that the rays, which proceed from the celestial bodies, ex- 
perience a refraction when they enter the atmosphere of 
the earth. The sun and moon are then like the crQwn 
immersed in water. 

Bat^ those who reason in this manner do not reflect tbaij 
if a crown piece immersed in a denser medium appears 
magnified to the eye situated in a rarer medium, the 
contrary ought to be the case when the eye is situated in 
a dense medium, while the crown piece is immersed in a 
rarer. A fish would see the crown piece out of the water 
much smaller than if it were in the water. But we are 
placed in the dense medium of the atmosphere, while the 
moon and sun are in a rarer. Instead therefore of ap* 
pearing larger, they ought to appear smaller; and this 
indeed is the case, as is proved by the instruments em* 
ployed to measure the apparent magnitude of the celestial 
bodies: these instruments show that the perpendicular 
diameter of the sun and moon, when on the horizon, is 
shortened about two minutes, which gives them that oval 
form, pretty apparent, under which they often appear. 

The cause of this phenomenon must therefore be sought 
for in a mere optical illusion; and in our opinion the 
following explanation is the most probable. 

When an object paints on the retina an image of a deter« 
minate size, the object appears to us larger, according at 
we judge it to be at a greater distance; and this is the . 
consequence of a tacit reasoning pretty just ; for an object 
which, at the distance of 600 feet, is painted in die efe 
under the diameter of a line, must be much larger than that 
which is painted under the same diameter, though only at 
the distance of 60 feet. But when the sun and moon are 
on the horizon, a multitude of intervening objects give us 
an idea of great distance ; whereas when they are near 
the zenith, as no object intervenes, they appear to be nearer 
us. In the former situation then they must excite an idea 
of magnitude, quite different from what they do in the latter. 
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We rnuit bowerer coofev that dik ezplamtkm k wài 
tended with some difficulties. 

Ist. When we look at the moon on the horizon through 
a tabe, or through the fingers bent into the form of om^ 
the nze of it appears to be macb diminished, though the 
fingers conceal the intenrening objects in a very imperfect 
manner. 2à^ we often see the moon rising behind a lull 
at a small distance, and on such occasions she appears to 
be exceedingly large. 

These facts, which seem to oyerturn the esplanatioD 
before given, have induced other philosophers to en- 
deavour to find out a diflPerent one. The following is that 
of Dr. Smith, a celebrated writer on optics. 

The celestial arch does not exhiUt to us the appearaHoa 
of a hemisphere, but that of a very oblate surfiu^e, the , 
elevation of which towards the zenith is much less than ka 
extension towards the horizon. The sun and moon ahp 
appear under the same angle, whether at the horizon or 
near the zenith. But the intersection of a déterminai» 
angle, at a mean distance from the summit, is less than at 
a greater. The projection therefore of the sun and moon^ 
or their perspective image on the celestial arch, k lam at 
a great distance from the horizon than in the neighbour* 
hood of it. Consequently, when at a distance from the 
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is farther from us, by about a semi-diameter of the earth, 
or a 60th part, than when she is rery much elevated above 
the horizon. In short, this phenomenon is merely an 
optical illusion, whatever may be the cause, which is still 
very obscare, but in our opinion it seems to depend chiefly 
on the idea of great distance excited by the intervening 
objects. 

PROBLEM XX. 

On the converging appearance afparattdrows rf trees. 

The phenomenon which is the subject of this problem, 
is well known. Every person must have observed, that 
when at the extremity of a very long walk, planted on 
ieach side with trees, the sides instead of appearing parallel, 
as they really are, seem to converge towards the other end. 
The case is the same with the ceiling of a long gallery; 
and indeed when it is necessary to represent these objects 
in perspective, the sides of the walk or ceiling must be 
represented by converging lines; for they are really so 
in the small image or picture painted at the bottom of the 
eye. 

Other considerations however are necessary, in order to 
give a complete explanation of the phenomenon ; for as 
the apparent magnitude of objects is not measured by the 
real magnitude of the images painted in the eye, but is 
always the result of the judgment formed of their distance 
by the mind, combined with the magnitude of the image 
present in the eye, the sides of a walk are far from appear-* 
ing to converge with so much rapidity, as the lines which 
form the image of them in the perspective plane, or in the 
eye. M. Bouguer first gave a complete explanation of 
what takes place on this occasion : it is as follows : 

As the ceiling of a long gallery appears to an eye, placed 
at one extremity of it, to become lower, the case is the 
same with a long level walk, the sides of wl^ich are parallel ; 
the plane of tlmt walk, instead of appearing horizontal, 
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Suppose an inclined plane of two degrees and a half, 
and that two parallel lines are traced out on \U From the' 
eye, suppose two planes passing through these lines, and 
which being continued cut the horizontal plane in two 
other lines; these two lines will be convei^ent^ and if 
continued backwards will meet behind the spectator. 

Nothing then is necessary but to find this point of con* 
currencci which is very easy ; for any one, in the least ac* 
quainted with geometry, must perceive that it is the point 
where a line drawn through the eye, parallel to the above 
inclined plane, and in the direction of the middle of the 
avenue, meets with the horizontal plane. Let a line then 
inclined to the horizon two or three degrees, be drawn 
through the eye of the spectator» and in the vertical plane 
passing through the middle of the avenue; the point 
where it meets the horizontal plane will be that where the 
two sides of the avenue must unite. If from this point 
therefore, two straight lines be drawn through the two ex- 
tfemities of the initial breadth of the avenue, they will 
trace out where all the trees ought to be planted, so as to 
appear to form parallel sides. 

If the height of the eye be supposed equal to 5 feet, 
and the breadth of the commencement of the avenue to 
be 36, the point of concurrence will be found by calca* 
iation to be 102 backwards, and the angle formed by the 
sides of the avenue ought to be about 18 degrees. It it 
difficult however to believe, that lines which form so sensi- 
ble an angle will ever appear parallel to an eye within 
them, in whatever point it may be placed. 

PROBLEM xxit. ^ 

To form a picture whichj according to the side on which it is 
viewedy shall exhibit two different subjects. 

Provide a sufficient number of small equilateral prisms, 
a few lines only in breadth, and in length equal to the 
height of the painting which you intend to make, and pbce 

N 2 
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tbem all close to each other on the grroand to be occupied 
by the planting. 

Then cut the painting into bands equal to each of the 
faces of the prisms, and cement themy in order, to the ftcua 
of the same side. 

When this is done, take a punting quite difierent from 
the former, and haying divided it into bands in the same 
manner, cement them to the faces of the opposite side. 

It is. hence evident, that when on one side yon can tee 
only the faces of the prism turned towards thÂt nde, one 
of the paintings will be seen ; and if the picture be lodrad 
at on the opposite nde, the first will disappear, and the 
second only will be seen. 

A painting may even be made, which when seen in fitm^ 
and on the two sides, shall exhibit three difiêrent sub|6cta. 
For this purpose, the picture of the ground must be cot 
into bands, and be cemented to that ground in such à 
manner, that a space shall be left between them, equal to 
the thickness of a very fine card. On these intervals tiiii^ 
in a direction perpendicular to the ground, bands of iha 
same card, nearly equal in height to the interval betwaeo 
theof ; and on the right faces of these pieces of card cement 
the parts of a second painting, cut also into bands. In 
the last place, cement the parts of a third picture, cut i 
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A figure^ such for example as a head, may be disguised^ 
that is to say distorted, in such a manner, as to exhibit no 
proportion, when the plane on which it has been drawn is 
viewed in front; but when viewed from a certain point it. 
shall appear beautiful, that is to say in its just proportions. 
This may be done in the following manner: 

Having drawn on a piece of paper, in its just propor^ 
tions, the figure you intend to disguise, describe a square 
around it, as abcd (fig. 19 pL 5), and diyide it into several 
other small squares, which may be done by dividing the 
sides into equal parts, for example seven, and then draw* 
ing straight lines through the corresponding points of 
division, as the engravers do when they intend to make a 
reduced drawing from a picture. 

Then describe, at pleasure, on the proposed plane, a 
parallelogram ebfg, and divide one of the two shorter 
sides, as eg, into as many equal parts as dc, one of the 
ades of the square abcd, which in this case are seven. 
Divide the other side bf, into two equal parts, in the point 
H, and draw from it to the points of division of the opposite 
side BO, as many straight lines, the two last of which will 
be HB and hg. 

Having then assumed at pleasure, in the side bf, the 
point I, above the point h, as the height of the eye above 
the plane of the picture, draw from i to the point b, the 
straight line bi, which will cut those lines proceeding firom 
the point h, in the points 1,2, 3, 4, 5, 6, 7. Through 
these points of intersection draw straight lines parallel to 
each other, and to the base bg of the triangle bgh, which 
will thus be divided into as many trapeziums as there are 
little squares in the square abcd. Hence, if the figure in 
the square abcd be transferred to th^ triangle egh, by 
making those parts of the outline contained in the different 
natural squares of abcd, to pass through the correspond- 
ing trapeziums or perspective squares, the figure will be 
found to be distorted. But it may be seen exactly like its 
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c)v., |)rovided what is called the point of sight be in the 
)o EF, or not only in BFybut in the continuation of it on 
both sides ; the object, of which the quadrilateral abcd Js 
the perspective representation, will be a parallelogram. 

For, all persons, acquainted with the rules of perspec- 
tive, know that lines parallel to each other on a horizontal 
plane, when represented in perspective meet in one point 
of the line parallel to the horizon, drawn through Û\e point 
of sight. Thus, all the lines, perpendicular to the ground 
line, meet in the point of sight itself: all those which form 
with that line an angle of 45% concur in what is called th« 
points of distance; and those which form a greater or less 
angle, ooncur in other points, which are always determined 
by drawing from the eye to the picture a line parallel to 
those of which the perspective representation is required. 
All the Knes then, which in the picture concur in points 
situated in the line of the point of sight, are images of 
horizontal and parallel lines. Thus, the lines on the hori- 
zontal plane, which have as representatives in the picture 
the lines bc and ad, are parallel;, and the case is the same 
with those which give the lineal images ab and dc. But 
two pairs of parallel lines necessarily form, by their inter- 
section, a parallelogram. The object then of, which the 
quadrilateral abcd is the image, to an eye situated in the 
line FE, wherever the point of sight may be, is a paral- 
lelogram. 

This being demonstrated, we shall Brst suppose that the 
required object is a rectangle. To find in this case the 
place of the eye, divide the distance fe into two equal 
parts in I, and suppose the eye situated in such a manner 
that the perpendicular, drawn from its place to the paint- 
ing, «hall fall on the point i; and that the distance is 
equal to is or if : the points f and i will then be what, 
ia the language of perspective, is called the points of 
distance. Continue the lines cb and cd to g and h in 
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the ground line: the lines hcf and abf will be the images 
of the lines which form with the ground line angles of 45 
degrees. The case will be the same with those of which 
6C£ and ADE are the images. If the indefinite lines ndc 
and Abf inclined to the ground line at an angle of 45 de- 
greeSy be then drawn on the one side, and on the other, 
and in a contrary direction, the lines obc and Ad, inclined 
also at half a right angle, these lines will necessarily meet 
at right angles, and form the rectangle Abed. 

If the point of sight be supposed in another point, for 
e^Kample s, that b, if we suppose the eye to be directly 
opposite to the point e, and at a distance equal to bk, 
after drawing el and fm perpendicular to the ground 
line in the plane of the picture, we must draw to the same 
ground line, in the horizontal plane, the perpendicular 
LN, equal to ek, and then the line nm, making with the 
ground line the angle lmn. If we then draw to the points 
o and A the indefinite perpendiculars aA and ok, and 
through the points a and h the indefinite lines hk and a/3, 
making with the ground line angles equal to lmn, and in 
a contrary direction; these two pairs of lines will meet in 
/9, K, A9 and evidently form an oblique parallelogram , which 
will be the object of which bo da is the representation, to : 
an eye situated opposite to e, and at a dutance from the 
picture equal to ek. 

If the sides Ab and cd^ in the rectangle Abed, were 
divided into equal parts by lines parallel to the other sides, 
it is evident that these parallels, being continued, would 
cut the line ao into as many equal parts. The case would 
be the same with lines parallel to Ab and cd dividing into 
equal portions, the sides Ad and be: the line ah would 
likewise be divided by them into equal parts. Thus we 
have the means of dividing the trapezium abcd, if neces- 
sary, into lozenges, which would be the representation of 
the squares into which Abed might be divicbd. 



We shall give hereafter the solution of a very ourioui 
problem, in regard to ornamental gardening,.^ ^nducb it a 
consequence of the one here solved, 

OF PLANE MIRRORS. 

Plane mirrors are those the reflecting surface of which 
is plane ; as is the case with the common glass mirrors used 
for decorating apartments. Plane mirrors may be made 
also of metal. Of this kind were those of the ancients; 
but since the invention of glass, metallic mirrors are never 
used, except small ones for certain optical instruments, 
where it is necessary to avoid the double reflection pro- 
duced by glass, one from the anterior and the other from ' 
the posterior surface. It is the* latter which gives the live* ' 
liest image ; for if the silvering be scraped from the back 
of a mirror, you will see the bright image immediately dis- - 
appear, almost entirely, and that which remains in its 
place will scarcely be equal to that produced by the nearer 
surface. 

But in catoptrics, in general, the two surfaces of a 
mirror are supposed to be at such a small distance from 
each other, as to produce only one image; otherwise the 
determinations given by this science would require to be 
greatly modified. 

PROBLEM XXV. 

Apdnt of the object b, and the place i^ the eye a, being \ 
given; to find the point of reflection on the surface qf a 
plmie mirror^ (fig. 21 pi. 6). 

Through b, the given point of the object, and a, the 
place of the eye, conceive a plane perpendicular to the 
mirror, and cutting it in the line cd: from the point b,' 
draw BD perpendicular to en, and continue it to f, so that 
DF and DB shall be equal: if through the points f and a, 
the line af be drawn, intersecting en in e, the point b' 
will be the point of reflection : be will be the incident 
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ray; sa the reflected ray; aiid bed, the angle oi ind* 
dence, and aec, the angle of reflection, will be equal. 

For it is evident, by the construction, that the angles 
BED and DEF are equal ; but the angles def and aec are 
also equal, being vertical angles ; therefore &c. 

PROBLEM XXVI. 

The same supposition being made as be/ore ; to find the place 
of the image of the point b. 

The place of the image of the point b is exactly in the 
point F. But we shall not assign as the reason what i» 
commonly given in books on catoptrics, viz, that in mirrors 
of every kind the place of the image is in the continuaticm 
of the reflected ray, where it is intersected by the perpen- 
dicular drawn from the point of the object to the reflecting 
surface : for what efiect can this perpendicular, which is 
merely imaginary, have to fix the image, in this manner, 
in the point where it meets with the reflected ray con- 
tinued, rather than in any other point ? This principle 
then is ridiculous, and void of foundation. 

It is however true that, in plane mirrors, the place where 
the object is perceived, is in the point where the above 
perpendicular meets with the reflected ray produced; but . 
this is accidental, and the reason is as follows. 

All the rays which emanate from the object b, and are 
reflected by the mirror, meet, if produced, in the point f : 
their arrangement then, in regard to the eye, is the same 
as if they proceeded from the point f. Consequently 
they must make the same impression on the eye, as if the 
object were in f; for the eye would not be otherwise 
afiected if they really proceeded from that point. 

Hence it may be cdhcluded that, in a plane mirror, the 
object appears to be as far behind, as it is distant from the 
mirror. 

It therefore follows^ that af, the distance of the image 
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Y from the eye, is equal to the sum of be, the ray of inci- 
dence, and ÂE the ray of reflection, since be and ef are 
equal. 

It thence follows also, that when the plane mirror is 
parallel to the horizon, as cD, a perpendicular object, such 
as BD, must appear inverted. 

In the last place, when we look at ourselves in a mirror, 
dbe left seems to be on the right, and the right on the left. 

PROBLEM XXVII. 

Several plane mirrors being given j and the place of the eye^ 
and of the object; to find the course of the ray proceeding 
from tlie object to the eycy when reflected two, three, or 
four times. 

Let there be two mirrors, ab and cd, (fig. 22 pi. 6), and 
let ofe be the perpendicular, drawn from the object o to 
the mirror ab, and continued beyond it, so that fe be 
equal to of ; and let shi be the perpendicular drawn from 
the eye to the mirror cd, and continued till hi be equal to 
Hs; join the points i and e by the line ei, which will 
intersect the mirrors in o and k ; and if the lines og, ok, 
and KS be then drawn, they will represent the course of 
the ray, proceeding from the point o to the eye by two 
reflections. 

Or, from the point e, the first part of the construction 
remaining the same, let fall, on the mirror gd, the perpen- 
dicular ELM, and continue it beyond it, till lm be equal to 
LE ; draw the line sm, intersecting cd in k; and from the 
point K, the line ke, intersecting ab in g : if go be also 
drawn, the lines og, gk, and ks will represent the course 
of the ray proceeding from the point o, and conveyed to 
the eye by two reflections. 

In this case, the point m will be the image of the point 
o, and the distance sm will be equal to the sum of the rays 
SK, KG, and go. 

If we suppose three mirrors, and three reflections, the 
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cottTM which the UKadeot ny must pursney in order to 
nwtih the eye» nay be iound in the same manner. Fet 
thift purpoie» let oi (fig. 83 pi. 7) be the perpendicuhur 
drawn from the ofa^t to the mirror ab, and let hi be 
equal to uo. From the point i draw ik perpendicular to 
ca> produced if necessary, and make km equal to mi: 
from the point k let fall on dc produced the perpendicular 
aN» aud continue it to l» so that ln shall be equal to kn : 
draw ^L» which will intersect en in g, and from the point 
o the Une ok» which will intersect cb in f ; if the line fi» 
intersecting ab in b» be then drawn from the point f, and 
also the line bo» then the line bo will be that according to 
which the incident ray must fall on the first mirror» to 
reach to the eye s» after three reflections at b» f» and o« 

In this case the point l will be the apparent place of 
the image of the object, to an eye situated in s; and the 
distance SL will be equal to so» gf» fb» and eo» taken all 
together. 

The application of this problem is generally shown at 
the game of billiards; but as we have already treated that 
nubjuct» under the head mechanics» the reader is referred 
to that article. 

PBOBLBM XXVIII. 

Various properties rf plane mirrùrs. 

1* In plane mirrors» the image is always equal and similar 
to the object* For it may be easily demonstrated» that as 
oavh point of the image seems to be as far within the mirror 
as tho object is distant from it» each point of the image is 
nUiiilurly situated, and at an equal distance in regard to all 
iho rest» as in the object : the result must therefore necea- 
tfeiurily bo the equality and similarity of the image and 
objiîct. 

II. lu a plane mirror, what is on the right appears in 
tku (ibject to be on the left» and vice versa. This may be 
«uhily proved in the following manner. If a piece of 
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common writing be held before a mirror, it camiot be ceadc 
at the word obnbral, for example, will appear under 
this form, lareneo*; bat, on the other hand, if the 
latter word be presentee! to the mirror obnebal will 
appear. This affords the means of forming a sort of secret 
writing ; for if we write from right to left, it cannot be 
read by those ignorant of the artifice ; but those acquaint- 
ed with it by holding the writing before a mirror, will see 
it appear like common writing. This method howeyer 
must not be employed for concealing secrets of great m» 
portance, as there are few persons to whom it is not known* 

III. In a plane mirror, when you can see yourself at 
foil length, at whatever distance you remove from it, you 
will always see your whole body; and the height of the 
mirror occupied by your image will always be equal to tbe 
half of your height. 

IV. If one of the sun's rays be made to fall on a plane 
mirror, and if an angular motion be given to the Hiirror, 
the ray will be seen to move with a double angular motion ; 
so that when the mirror has passed over 90*, the ray* will 
have passed over 180^. 

y. If a plane mirror be inclined to a horizontal sur&ce» 
at an angle of 45*, its image will be vertical. 

VI. If two plane mirrors be disposed parallel to each 
other; and if any object, such as a lighted taper, be placed 
between them ; you will see in each a long series of tapers^ 
which would be extended in infinitum, did not each image 
become fainter in proportion as the reflections, by which 
Ûney are produced, become more numerous. 

VIL When two mirrors are disposed in such a manner 
as to form an angle of at least 120^, several images will be 

• This is a mistake; the letters individually will be inyerted as weU as 
the word, aod instead of LARENEG it will be JASSK^^» u nmf be 
proved by trial: to use this artifice therefore for secret writing it would be 
aecessary to invert the shape of each letter as well as its position in the 
word. ' 
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seen) according to the position of die eye. If the ungleei 
the mirrors be diminiÂed^ without dunging the place of 
the eye^ these images will be seen to increase in number; 
as if they emerged from behind an opake body. 

It must be observed, that all these images are in the cir* 
cmnference of a circle, described from the point where die 
mirrors meet, and passing through the place of the object: 

Father Zacharias Traber, a Jesuit, in his Nervus Opticus» 
and Father Tacquet, in his Optics, have carefully ex* 
amined all the cases resulting from the different anglea 
of these mirrors, as well as from the different positions'of 
the eye and the object. To these we refer the reader.' 

VIII. When a luminous object, such ft« the flame of a 
taper, is viewed in a plane glass mirror of some thickness 
several images of that object are perceived ; the first of 
which, or that nearest the surface of the glass, is lesi 
brilliant than the second ; the latter is the most brilliant of 
the whole; and after it, a series of images' less and leas 
brilliant are observed, to the number sometimes of five of 
rix. 

The first of these images is produced by the anterior 
surface of the glass, and the second by the posterior, which 
being covered with tin-foil, must produce a more lively 
reflection: it is therefore the most brilliant of the whole. 
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DE» on aocoant of the opacity of the posterior side of the 
mirror, and being a^ain refracted at B proceeds to o, aod 
forms at à!' the liveliest image of the point a* 

Another small bundle af penetrates also the glass; is re- 
fracted along the line fg, and reflected in thedirection of 
GBy from which a part of it issues, but cannot reach the 
egre; the other part is reflected in the direction bh, and 
then into hi, from which a small part is «till reflected, but 
the remainder issues from the glass and is refracted in the 
direction of the line lo, by which it reaches the eye : con* 
sequently it produces the third image, at a'",' weaker than 
the other two. 

The fourth image is formed by a bundle of incident 
rays, which experience two refractions like the rest, and 
five reflections, viz, three from the posterior sur&ce of the 
gbss, and two from the anterior. Li regard to the fifth, it 
requires two refractions, and seven reflections, viz, three 
from the anterior surface, and four from the posterior) 
aad so of the rest. It may hence be easily conceived bow 
much the brightness of the images must be diminished^ 
and therefore it is very uncommon to see more than four 
or five. I 

PROBLEM XXIX. 

To dispose several mirrors in such a manner^ that yoiA can 
see 2/ourself in each ofthem^ at the same time. 

It may be readily conceived that, to produce this efiêct» 
nothing is necessary but to dispose the mirrors on -the cir- 
cumference, of a circle, in such a manner, that they shall 
correspond with the chords of that circle; if you then 
place yourself in the centre, you will see your image in 
idi the mirrors at the same time. 

Remark.— If these mirrors are disposed according t6 
the sides of a regular polygon, of an equal number of 
ndes, such as a hexagon or octagon, which seem to be 
fittest for the purpose, and if all the mirrors are perfectly 
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vertical and plane» they will form a kind of cabinet, which 
will appear of an immense extent, and in whatever pait 
of it you pUce yourself, you will see your image, and 
immensely multiplied. 

If this cabinet be illuminated in the inside, by a lustre 
placed in its centre, it will ezbibit a rery agreeable speo- 
tade» as you will see long rows of lights towards whatevor 
fide your sight is directed* 

PROBLEM^XXX. 

To measure^ hy means rf rejkctwn^ a vertical height^ the 
bottom of which is inaccessible. 

We shall here suppose that ab (fig. 25 pi. 7) the vertical 
bdght to be measured, is that of a tower, steeple, or such 
like. Place a mirror at c, in a direction perfectly borii^ 
xontal; or, because this is very diflteult, and as the least 
aberration might produce a great error in the measure^ 
ment, place in c a vessel containing water, which wiilte^ 
fleet tte light in the same manner as a mirror. The eye 
.which récrives the reflected ray being at o, measure with 
care the height on above the horizontal plane of the mirrdr 
at o; measure also dc as well as cb, if the latter is ao> 
cessible, and then say: As cd, is to no, so is cb to a 
fourth proportional bat^ which will be the height required. 
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When BO is known, nothing i$ necessary but to makt 
use of the proportion indicated in the first case, to gi?e 
the height ab. 

We do not consider this operation as susceptible of 
much accuracy in practice Methods purely geometrical, 
if good instruments are employed, ought always to be 
preferred ; but we should perhaps have been considered 
as guilty of an omission had we taken no notice of this 
geometrico-catoptric speculation, though it has never per- 
haps been put in practice. 

PROBLEM XXXI. 

To measure an inaccessible height by means of its shadoiW. 

Fix a stick in a perpendicular direction, on a plane 
perfectly horis^ontal, and measure the height of it above 
that plane, which we shall suppose to be ejcactly 6 feet* 
When the sun begins to sink towards the horizon in the 
afternoon, mark on the ground which is accessible the 
point c (fig. 26 pi. 8), where the shadow of the summit of 
the tower falls, and also the point c the extremity of the 
shadow of the stick erected perpendicularly on the sam^ 
plane: at the end of 2 hours, more or less, mark, lui 
$peedily as possible, the two points d. and d^ which will be 
the summits of the shadows at that period ; then join the 
two points of the shadow of the summit of the tower^ by 
means of a straight line, and measure their distance ; mea- 
sure also, in like manner, the line whiph joins the two 
points c and d of the shadow of the stick ; after which you 
will have nothing to do but to employ the following pro- 
portion : As the length of the line cd which joins the two 
points of the shadow of the stick, is to the height of the 
ftickoi, so is the length of the line cd which joins the two 
points of tfa^ shadow of the tower, to the height of the 
tower AB. 

It xequires only an acquaintance with the first principles 
of geometry to be able to perceive,mereiy by inspecting fi^, 

VOL. II. o 
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26 f that the pyramids badc and bade are similar; cotise* 
quently that cd is to ab as cd to ab, which is the height 
required. 

PBOffLBM XXXII. 

Of same tricks or kinds ofillusiarij whieh may be performed 
by means of plane mirrors. 

Many curious tricks, capable of astonishing those who 
have no idea of catoptrics, may be performed by the com- 
bination of several plane mirrors. Some of these we shall 
here describe. 

1st. To fire a pistol over t/our shoulder and hit a mart, 
with as much certainty as if you took aim at it in the usual 
manner. Fig. 27 pi. 8. 

To perform this trick, place before you a plane mirror, 
so disposed, that you can see in it the object you propose 
to hit ; then rest the barrel of the pistol on your shoulder 
and take aim, looking at the image of the pistol in the glas» 
as if it were the pistol itself; that is, in such a manner, 
that the image of the object may be concealed by the 
barrel of the pistol: it is evident that if the pistol be then 
fired, you will hit the mark. 

2d. To construct a box in which heavy bodies, such as f 
ball of lead, wiU appear to ascend contrary to their natural 
inclination. 

Construct a square box, as abcd (fig. 28), where one of 
the sides is supposed to be taken ofi^, in order to show the 
inside ; and fix in it a board hgbc, so as to form a plane, 
somewhat inclined, with a serpentine groove in it of such 
a size, that a ball of lead can freely roil in it and descend. 
Then place the mirror hgfi in an inclined position, 83 
seen in the figure, and make an aperture opposite to it at 
M, in the side of the box, but so disposed that the eye, 
when applied to it, can see only the mirror, and not the 
inclined plane hd. It may be easily perceived that the 
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image of this plane, viz hlkg, will seem to be a plane 
almost vertical, and that a body which rolls from g to c, 
along the serpentine groove, will appear to ascend in a 
similar direction from o to l. Hence, if the mirror is 
very clean, so as not to be observed, or if only a faint 
light be admitted into the box, which will tend to conceal 
the artifice, the illusion will be greater, and those not ac- 
quainted with the deception will have a good deal of 
diflSculty to discover it. 

3d. To construct a box in which objects shall be seen 
throtigh one hole, different from what were seen through 
another^ though in both cases they seem to occupy the whole 
box. 

Provide a square box, whicKy un account of its right 
angles, is the fittest for this purpose, and divide it into 
four parts, by partitions perpendicular to the bottom, 
crossing each other in the centre. To these partitions 
apply plane mirrors, and make a hole in each face of the 
box, to look through ; but disposed in such a manner, that 
the eye can see only the mirrors applied to the partitions, 
and not the bottom of the box. In each right angle of 
division formed by the partitions, place some object, 
which, being repeated in the lateral mirrors, may form a 
regular representation, such as a parterre, a fortification 
or citadel, a pavement divided into compartments, &c. 
That the inside of the box may be sufficiently lighted, it 
ought to be covered with a piece of transparent parch- 
ment. 

It is evident that, if the eye be applied to each of the 
small apertures formed in the sides of the box, it will 
perceive as many different objects, which however will 
seem to occupy the whole inside of it. The first will be a 
regular parterre, the second a fortification, the third a 
pavement in compartments, and the fourth some other 
ofcyect. 

o2 
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flow ; which will be sufficient iu general to enable you to 
distinguish those with whom you are acquainted. 

Two mirrors arranged in this manner are represented 
fig. 29 pi. 8. 

Ozanam, and others before him, who published Mather 
matical Recreations, propose by way of problem» to show 
a jealous husband what his wife is doing in another apart* 
ment. To bore a hole near the ceiling in the partition 
wall which separates two apartments, and fix a horizontal 
mirror, half in the one room and half in the other, to re» 
fleet by means of another mirror placed opposite to it, the 
image of what might take place in one of these rooms, is 
certainly an ingenious idea ; but there is reason to think 
that neither Ozanam nor his predecessors were jealous 
husbands, or that they had a singular dépendance on the 
foUy and stupidity of the two lovers. 

PROBLEM XXXin. 

To inflame objects, at a considerable distance, by means qf 
plane mirrors. 

Arrange a great number of plane mirrors, each about six 
or eight inches square, in such a manner that the solar rays 
reflected from them may be united in one focus. It is 
evident, and has been proved by experience, that if there 
are a sufficient number of these mirrors, as 100 or 150 for 
jexample, they will produce in their common focus a heat 
capable of inflaming combustible bodies, and even at a verj 
great distance. 

This was, no doubt, the invention employed by Archi* 
medes, if he really burnt the fleet of Marcellus by meaiis 
of burning mirrors, as we are told in history ; for Kircher, 
when at Syracuse, observed that the Roman ships could 
not have been at a less distance from the walls of the city 
dian twenty-three paces. But it is well known that the 
focus of a concave spherical mirror is at the distance oF 
half its radius ; consequently the mirror employed by Ar- 
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«ccotint of Tzetzes is so particular, that it suggested to 
father Kircber the specific method by which Arbhimedes 
probably efiected his purpose* *^ Archimedes," says that 
nthor, '< set fire to the fleet of Marcellus by a burning 
glass, composed of small square mirrors, moving every 
way upon hinges ; and which, when placed in the ^un's 
rays, reflected them on the Roman fleet, so as to reduce it 
to ashes at the distance of a bow- shot/' This account 
gained additional probability by the eflect which Zonaras 
ascribes to the burning mirror of Proclus, by which he af- 
firms', that the fleet of Vitellius, when besieging Byzantium, 
now Constantinople, was utterly consumed. But perhaps 
no historical testimony could have gained belief to such 
extraordinary facts, if similar ones had not been seen in 
modern times. In the Memoirs of the French Academy of 
Sciences for 1726, p. 172, we read of a plane mirror, of 
12 inches square, reflecting the sun's rays tOva concave 
mirror 16 inches in diameter, in the focus of which bodies 
were burnt at the distance of 600 paces. Speaking of 
this mirror, father Regnault asks, (in his Physics, vol. 3. 
disc. 10), ^' What would be the efl^ect of a number of plane 
mirrors, placed in a hollow truncated pyramid, and di- 
recting the sun's rays to the same point ? Throw the focus, 
said he, a little farther, and you re-discover or verify the 
secret of Archimedes." This was actually efiected by M. 
Buflbn : in the year 1747 he read to the Academy an ac- 
count of a mirror, which he had composed of an assem- 
blage of plane mirrors, which made the sun's rays converge 
to a point at a great distance. 

Of Spherical Mirrors both Concave and Convex. 

A spherical mirror is nothing else than a portion of a 
sphere, the surface of which is polished so as to reflect the 
light 1n a regular manner. If it be the convex surface that 
is polished, it will form a convex spherical mirror ; if it 
be the concave surface, it will be a concave wirrort 
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FEOBLBM XXXIV. 
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.In like manner, if bb be produced till it meet AC in h^ 
we shall hare, ac : cA t: At : ihf proportions which will 
be equally true in the ease of reflection from a concave 
surface. 

In regard to the place of the image, opticians have long 
admitted it as a principle that it is in the point h, yifher^ 
the reflected ray meets the perpendicular drawn from the 
object to the mirror. But this supposition, though it 
serves pretty well to show how the images of objects are 
less in convex, and larger in concave, than they are in 
plane mirrors, has no foundation in physâcs, and at present 
is considered as absolutely false. 

A more philosophical principle advanced by Dr. Barrow 
is, that the eye perceives the iipage of the object in that 
point where the rays forming the small divergent bundle, 
which enters the pupil of the eye, meet together. It is 
indeed natural to think that this divergency, as it is greater 
when the object is near and less when it is distant, oug^ 
to enable the eye to judge of distance. 

By this principle also we are enabled to assign a pretty 
plausible reason for the diminution of objects in convex, 
and their enlargement in concave mirroi^ ; for the cott* 
vexity of the former renders the rays, which compose each 
bundle that enters the eye, more divergent than if they 
fell on a plane mirror ; consequently the point where tbejr 
meet in the central ray produced, is much nearer. It may 
even be demonstrated, that in convex mirrors it is much 
nearer, and in concave much farther distant than the point 
H, considered by the ancients, and the greater part oif ths 
moderns, as the place of the image. In short, it is con- 
cluded that in convex mirrors this image will be still more 
contracted, and in concave ones more extended, than the 
ancients supposed ; which will account for the apparent 
enlargement of objects in the latter, aad their diminution 
in the former. 

We must however allow <iiat even this prindpfe is at- 
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tended with difficolties, which Dr. Barrow, the author ^of 
it, does not conceal» and to which he confesses he nem 
saw a satisfactory answer. This induced Dr. Smithy in 
his Treatise on Optics, to propose another ; but we shall: 
not here enter into a discussion on this subject, as it would 
be too dry and abstruse for the generality of readers. > 

PROBLEM XXXV. 

The principal properties of spherical mirrors^ both convex 
and concave. 

1st. The first and principal property of convex mirrors 
is, that they represent objects less than they would be if 
seen, in a plane mirror at the same distance. This may 
be demonstrated independently of the place of the image: 
for it can be shown that the extreme rays of an obj^st^ 
however placed, which enter the eye after being reflected 
by a convex mirror, form a less angle, and consequently 
paint a less image in the retina, than if they had been re- 
flected by a plane mirror, which never changes that angle^ 
But, the judgment which the eye in general forms respect- 
ing the magnitude of objects, depends on the magnitude 
of that angle, and that image, unless modified by some 
particular cause. 

On the other hand, in concave mirrors it may be easily 
demonstrated, that the extreme rays of an object, in what- 
ever manner situated, make a greater angle on arriving at 
the eye than they would do if reflected from a plane mir« 
ror ; consequently the appearance of the object, for the 
above reason, must be mmch greater. 

2d. In a convex mirror, however great be the distance of 
the object, its image is never farther from the surface than 
half the radius ; so that a straight line perpendicular to the 
mirror, were it even infinite, would not appear to extoid 
farther within the mirror, than the fourth part of the dia^ 
meter of the circle of which it is a segment. 

But in a concave mirror^ the image of a line perpeiMU'* 
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edar to the mirror is always longer than the line itself; 
and if this line be equal to half the radius, its image will 
appeal* to be infinitely produced. 

Sd. In convex mirrors, the appearance of a curved line, 
concentric to the mirror, is a circular line also coucentric 
to the mirror; but the appearance of a straight line; or 
plane surface, presented to the mirror, is always convex 
on the outside, or towards the eye. 

In a concave mirror, the contrary is the case : the image 
of a rectilineal or plane object appears concave towards 
the eye. 

4th. A convex mirror disperses the rays ; that is to say, 
if they fall on its surface parallel, it reflects them diver- 
gent ; if they fall divergent, it reflects them still more di- 
vergent, according to circumstances. 

On this property, of concave spherical mirrors, is 
founded the use made of them for collecting the sun's 
rays into a small space, where their heat, increased in the 
ratio of their condensation, produces astonishing efiects. 
But thb subject deserves to be treated of separately. 

FROBLEM XXXVI. 

Of Burning Mirrors. 
The properties of burning mirrors may be deduced from 
the following proposition : 

If a ray of light fall very near the axis of a concave spheric 
cal surface^ and parallel to that axis, it will be r^cted m 
such a manner i as to meet it at^ distance from the mirror 
nearly equal to half the radius. 

For let ABC (fig. SI pi. 9) be the concave surface of a 
well polished spherical mirror, of which b is the centre, 
and BB the semi-diameter in the direction of the axis ; if 
£F be a ray of light parallel to bd, it will be reflected in 
the direction of fo, which will intersect the diameter bd 
in a certain point o. But the point o will always be nearer 
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bas even a pretty sensible magnitude* Thus, for example, 
if a mirror be the portion of a sphere of 6 feet radius, and 
form an arc of 30 degrees, which gives a breadth of some* 
what more than three feet, its focus ought to be about die 
56th part of that siee, or between 1 and 8 lines. The rays» 
therefore, which fall on a circle of 3 feet diameter, will for 
the most part be collected in a circle of a diameter 56 times 
less, and which consequently is only the 8136th part of the 
space or surface. It may hence be easily conceived what 
degree of heat such mirrors must produce, since the heat 
of boiling water is only triple that of the direct rays of the 
sun, on a fine summer's day. 

Attempts however have been made to construct mirrcnrs^ 
to collect all the rays of the sun into one point* For this 
purpose it would be necessary to give to the polished sur^ 
iace aparabolic curve. For let cbd be a parabola (fig. 38 
pi. 9), the axis of which is ab : we here suppose that the 
reader has some knowledge of conic<sections. It is well 
known that in this axis there is a certain point f, so sittiatedi 
that every ray, parallel to the axis of this parabola, will be 
reflected exactly to that point, which on this account has 
been called the focus. If the concave surface therefore of 
a parabolic spheroid be well polished, all the solar rajrB, 
parallel to each other, and to the axis, will be united in 
one point, and will produce there a heat much stronger 
than if the surface had been spherical. 

Remarks. — I. As the focus of a spherical mirror is at 
the distance of a 4th part of the diameter, the impoesibilitjf 
of Archimedes being able, with such a mirror, to burn tlic 
Roman ships, supposing their distance to have been only 
30 paces, as Kircber says he remarked when at Syracuse, 
may be easily conceived ; for it would have been neces» 
sary that the sphere, of which his mirror was a portion^ 
should have had a radius of 60 pac*es ; and to construcl 
s^ch a sphere, would be impossible. A parabolic mirror 
^ould be attended yiriih tbe same iaconveoience» Besides^ 
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die Romans must bare been wonderfully condescending^ 
to sutkr theaiselVes to be burnt so near, without deranging 
the machine. If the mathematician of Syracuse thereCore 
burnt the Roman ships by means of the solar rays, and if 
Proclus, as we are told, treated in the same manner the 
ships of Viteliius, which were besieging Byzantium, they 
must have employed mirrors of another kind, and couM 
succeed only by an invention similar to that revived by 
Buffbn, and of which he shewed the possibility. See 
Prob.SS. 

The ancients made use of concave mirrors to rekindle 
the vestal fires. Plutarch, in his life of Numa, says that 
the instruments used for this purpose, were dishes, which 
were placed opposite to the sun, and the combustible mat* 
ter placed in the centre ; by which it is probable he meant 
the focus, conceiving that to t>e at the centre of the mirror's 
concavity. 

II. We cannot here omit to mention some mirrors cele- 
brated on account of their size, and the effects they pro- 
duced ; one of them was the work of Setlala, a canon of 
Milan : it was parabolic, and, according to the account 
of father Schott, inflamed wood at the distance of 15 or 
16 paces. 

Villette, an artist and optician of Lyons, constructed 
three, about the year 1670, one'of which was purchaased 
by Tavernier, and presented to the king of Persia ; the 
second was purchased by the king of Denmark, and the 
third by the king of France. The one last mentioned was 
80 inches in diameter, and of about 3 feet focus. Tlie 
rays of the sun were collected by it into the space of about 
balf-a^uinea. It immediately set fire to the greenest 
wood ; it fused silver and copper in a few seconds ; and 
in one minute, more or less, vitrified brick, flint, and 
other vitrifiable substances. 

These mirrors however were inferior to that constructed 
by baron von Tcfaimhausen^^about 1687» and oi which k 
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description may be found in the Transactions of Leipsic 
for that year. This mirror consisted of a metal plate,^ 
twice as thick as the blade of a common knife ; it was abouî 
3 Leipsic ells, or 5 feet 3 inches, in breadth, and its focal 
distance was 2 of these ells^ or d feet 6 inches: it produced 
the following effects : ' . 

Wood, exposed to its focus, immediately took fire ;. and 
the most violent wind was not able to extinguish it. 
Water, contained in an earthen vessel, was instantly 
thrown into a state of ebullition ; so that eggs were boiled 
in it in a moment, and soon after the whole water was 
evaporated. Copper and silver passed into fusion in a few 
minutes, and slate was transformed into a kind of black 
glass, which, when laid hold of with a pair of pincers, 
could be drawn out into filaments. Brick was fused into 
a kind of yellow glass; pumice stone and fragments oif 
crucibles, which had withstood the most violent furnaces» 
were also vitrified, &c. 

Such were the effects of the celebrated mirror of baron 
von Tchirnhausen ; which afterwards came into the pos* 
session of the king of France, and which was kept in the 
Jardin du Rùi^ exposed to the injuries of the air, which in 
a great measure destroyed its polish. 

But metal is not the only.substance of which burning 
mirrors^ have been made. We are told by Wolf, that an 
artist of Dresden, named Gœrtner, constructed one in imb» 
tation of Tchirnhausen's mirror, composed only of wood, 
and which produced effects equally astonishing. But this 
author does not inform us in what manner Gsrtner was 
able to give to the wood the necessary polish. 

Father Zacharias Truber however seems to have sup- 
plied this deficiency, by informing u& in what manner a 
burning mirror may be constructed with wood and leaf- 
gold ; for nothing is necessary but to give to a piece of ex- 
ceedingly dry and very hard wood, the form of the seg>* 
^n}; of a concave sphere, by means of a tuming.n^aclûnei 
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to cover it ia a uniform maiinet with a mixture of pitch 
and wax, and then to apply biu of gold leaf» about three 
or four iocbes in breadth. Instead of gold leaf, toiaU 
plane mirrors, he says, might be adapted to the concayity, 
and it will be seen with astonishment, that the efiect of 
such a mirror is little inferior to that of a mirror made eor 
tirely of metal. 

Father Zahn mentions something more singular than 
what is related by Wolf of the artist of Dresden, for he 
•ays that an engineer of Vienna, in the year 1699, made a 
mirror of pasteboard, covered on the inside with straw 
cemented to it, which was so powerful as to fuse all 
metals. 

Concave mirrors of a considerable diameter, and which 
produce the same effect as the preceding, may be pro*- 
cured at present at much less expence. For this advai^ 
iage we are indebted to M« de Bernieres, one of the con- 
trollers general of bridges and causeways, who discovered 
a method of giving the figure of any curve to glass mir« 
fors ; an invention which, besides its utility in optics, may 
be applied to various purposes in the arts. Tt»s concave 
fiiirrors which he constructed, were round pieces of glass 
bent into a spherical form ; concave on one side and con- 
vex on the other, and silvered on the convex side* M* de 
fiernieres constructed one for the king of France, of S feet 
4 inches in diameter, which was presented to his nugesty 
ill 1757. Forged iron exposed to its focus was fused in two 
seconds: silver ran in such a manner that when dropped 
into water it extended itself in the form of a spider's web; 
flint became vitrified, 8cc. 

These mirrors ^ve cànsidendule advantage orer dios^ 
of metoL Their reflectioa from the posterior aurface^ not- 
withstanding the loss of rays, occasioned by thdr ptassi^ 
through the first surface is still more lively than tbat fom 
the best polished metallic sur&ce; besideSf, they arejaot 
anbject, like «Mftalfie nxriars^ toioee tboûrpeUsbbgrike 
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contact of the air, always charged with vapours which 
corrode metal, but which make no impression on glass: 
in short, nothing is necessary, but to preserve them from 
moisture, which destroys the silvering. 

PROBLEM XXXVII. 

Some properties of concave mirrors j in regard to vision, or 
Hie formation of images, 

I. If an object be placed between a concave mirror and 
its focus, its image is seen within the mirror, and more 
magnified the nearer the object is to the focus \ so that 
when the object is in the focus itself, it seems to occupy 
the whole capacity of the mirror, an<^ nothing is seen 
distinct. 

If the object, placed in the focus, be a luminous body, 
the rays which proceed from it, after being reflected by 
the mirror, proceed parallel to each other, so that they 
form a cylinder of light, extended to a very great distance, 
and almost without diminution. This column of light, if 
the observer stands on one side, will be easily perbeived 
when it is dark ; and at the distance of more than a hun- 
dred paces from the mirror, if a book be held before this 
light, it may be read. ' 

n. If the object be placed between the focus and the 
centre, and if the eye be either beyond the centre, or be- 
tween the centre and the focus, it cannot be distinctly per- 
ceived, as the rays reflected by the mirror are convergent. 
But if the object be strongly illuminated, or if it be a 
luminous body itself, such as a candle, by the union of its 
rays there wiÛ be formed, beyond the centre, an imagée in 
an inverted situation, which will be painted on a piece of 
paper or cloth at the proper distance, or which, to an eye 
placed beyond it, will appear suspended in the air. 

in. The case will be nearly the same when the object 
is beyond the centre, in regard to the mirror : an inverted 
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air in an inverted situation; which will approach the real 
handy when the latter approaobes the centre, so that they 
lb, .will seem to meet each other» 

Sd. If you pl%ce yourself a little beyond the centre of 
the mirror, and then look directly into it, you will see be- 
yond the centre the image of your face inverted. If you 
then continue to approach, this phantastic image will ap- 
proach also, so that you can kiss it. 

4tfa. If a nosegay be suspended in an inverted situation - 
(fig. 34 pi. 9), between the centre and the focus, a little 
below the axis, and if it be concealed from the view of the 
spectator, by means of a piece of black pasteboard, an 
upright image of the nosegay will be formed above the. 
pasteboard, and will excite the greater astonishment, as 
the object which produces it is not seen; for this reason 
those not acquainted with the deception will take it for a 
real object, and attempt to touch it *. 

5th. If a concave mirror be placed at the end of a hall, 
at an inclination nearly equal to 45'', and if a print or 
drawing be laid on a table before the mirror, with the bot- 
tom part turned towards it, the figures in the print or 
drawing will be seen greatly magnified; and if a proper 
arrangement be made, so as to favour the illusion, that is 
4f the mirror be concealed, and only a small hole left for 
looking through, you will imagine that you see the objects 
themselves. 

On this principle are constructed what are called Opti' 
€al boxes, which are now very common; the method of 
constructing them will be found in the following problem. 

PROBLEM ^XXVIII. 

To construct an optical box or chamber , in which olgettsare 
seen much larger than the box itself. 
Provide a square box, of a size proper to contain the 

* Carious spectres, and appearances, formed in this manner^ have of late 
ytan heen exhibited as shows to spectators in London. 
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mrface of a right cylindric mirror^ shall appear in its 

proper proportions. 

Let ABC (plate 10 fig. 35 N^ 1 and 8) be the base of U 
portion of the cylindric polished surface, which is to aerVe 
as a mirror ; and let ac be its chord. In the radius peir- 
pendicular to ac, and indefi^nitely produced, assume; the 
point o, which corresponds perpendicularly with ^ place 
pf the eye above it. This point o must be at a pipderate 
distance from the mirror, and raised above the plane (^ 
the base only 3 or 4 times the diameter of the cylinder. It 
is proper that it should be at such a distance from the 
mirror, that the lines oa and oc, drawn from it, shall 
make with the cylindric surfaire a moderately acute angle; 
lor if the lines oa and oc were tangents to the points A 
and €, the parts of the objects seen by these rays would 
be very much contracted, and appear confused. 

The point o being thus determined, and having drawn 
the lines oa and oc, draw also ad and CE indefinitely, in 
aich a manner, that they shall form, with the cylindric 
surface, or the circumference of the base, angles equal to 
those formed with them by the lines oa and pc ; so tbat, 
if the lines oa and oc be considered as incident rays, ad 
and CE may represent the reflected rays. 

Then divide AC into 4 equal parts, and form on it a 
square, which must be divided into 16 other small equal 
squares. To the points of division 2 and 4 draw the lines 
o2, o4, cutting the mirror in p and h ; from which points 
draw indefinitely pg and m, so that the latter lines shall 
be the reflected rays corresponding to the lines op ami oh, 
considered as incident rays* 

When this is done, on the extremity o, of the indefinite 
line po, (N^. 2) raise the perpendicular on, equal to the 
height of the eye above the plane of the mirror : make oq 
equal to o A ; and from the point q raise the perpendicular 
fi4, equal to ac, which must be divided into 4 equal parts: 
Âen draw^ from the point n, through these points of din-^ 
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mentation. But we must ob- 
■j the eye ought to be applied 
lines diameter, raised perpen- 
. o, to a height equal to on. 
i a cylindric mirror, one in the 
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:> portioned image, it must be trans- 
clie base not contiguous, but parallelo- 
iie base, and arranged in the form of a 
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^ mirror, which produces a similar effect. This 
^ .cm on which beginners may exercise their inge- 
nd which can be solved without much difficulty* 

PROBLEM XL. 

escribe, on a horizontal plane, a distorted fgnre, which 
'laU appear in its proper proportions, when seen as re- 

fiected by a conical mirror from a given point in the axis 

of that cone produced. 

Around the place which you intend the distorted figure 
to occupy, describe a circle abcd (pi. 10 fig. 36 N • 1 and 
S}» of any size at pleasure, and divide the circumference 
of it into any number of equal parts: from the centre b, 
diaw, through the points of division, as many semi-diame- 
terS| one of which, as ae or de, must also be divided into 
a certain number of equal parts. Then from e, as a cen- 
tre, describe, through the points of division, as many cir- 
cIeS| which with the preceding semi-diameters will divide 
the space terminated by the first and greatest circle abcd, 
into several small spaces; and these will serve to contain 
Ihe figure^ and to distort it on the horizontal plane^ around 
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the base fghi of the conical mirror^ in the following 
manner. 

Haying assumed the circle fg^i (fig. 36 N\ 3), the 
éentre of which is o^ as the base of the cone, construct ' 
apart the right-angled triangle klm {W. 2), the base of 
which KL is equal to the semi-diameter og . of the base of 
the cone ; and the height km equal to the height of the 
cone. Continue this height to n, so that the part hn 
shall be equal to the distance of the eye from the point of 
the cone, or the whole line kn equal to the height of the 
eye above the base of the cone. Having divided the base 
KL into as many equal parts as the semi-diameter ae or db 
contains of the prototype, draw from the point n, through 
the points of division p, q, r, as many straight lines; 
which will give in the hypothenuse lm, representing the 
side oiF the cone, the points s, t, v ; at the point v make 
the angle lv 1, equal to the angle lvr; at the point t the 
angle lt 2, equal to the angle ltq ; at the point s the 
angle ls 3, equal to the angle lsp ; and at the point M, 
which represents the summit of the cone, the angle lm 4, 
equal to the angle lmk, in order to have, in the base kl 
produced, the points 1, 2, S, 4. 

Then from o, the centre of the base fghi of the conical 
mirror, and with the distances k 1, k 2, k 8, k 4, describe 
circles representing those of the prototype abcd, the largest 
of which must be divided into as many equal parts as the 
circumference abcd; and from the centre o, draw semi^ 
diameters through the points of division, which will give 
on the horizontal plane as many small distorted spaces,» 
those in the prototype abcd ; and into these the figure of 
the prototype may consequently be transferred. This 
image will be very much distorted on the horizontal plaoe^ 
yet by reflection from the surface of the conical mirror^ 
placed on the circle fghi, will appear in its just propor« 
tions, if the eye be situated perpendicularly above tba 
centre o, and at a distance from it equal to the line kn. ' 
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Ksrarb:.— 4n order to avoid deception in transferring 
what is iu the prototype abcd (pi. 10 fig. 36 N**. 1 & 2), 
to the horizontal plane, care must be taken that what is 
most distant from the centre e shall be nearest the base 
Fdni of the conical mirror; as is seen by the same letters 
dj b, c, d, -Cy fy gy h of the horizontal plane and of the 
prototype. The distortion will be the more grotesque, if 
what in the regular image is contained in a sector «, (N®. 1) 
is contained in the distorted image in a portion- of a circular 
ring. 

PROBLEM XLI. 

TV perform the sanie thing by means of a pyramidal mirror t 

It is well known, and may be easily conceived, that a 
square pyramidal mirror on the base abcd (pi. 1:1 fig. 37 
N® 1 & 2), reflects to the eye, placed above it in the axis, 
no more of the plane which surrounds the base, but the 
triangles bec, cfd, dga, and ahb ; and that no ray pro- 
ceeding from the intermediate spaces reiiches the eye. It 
niây also be readily seen that these four triangles occupy 
die whole surface of the^xiirror ; and that to an eye raised 
above its summit, and looking through a small hole, they 
will appear together to fill the square of the base. In this 
case therefore the image to be distorted must be described 
in the square abcd, equal to the plane of the base; and if 
through the centre e there be drawn two diagonals, and as 
matiy lines perpendicular to the sides, these with the small 
concentric squares, described in that of the base, will 
divide it into small triangular and trapezoidal portions. 

Now the section of the mirror, through the axis and the 
line eh^ being a right-angled triangle, it will be easy, by 
a method similar to that employed in the preceding pro- 
blem, to find on the line eL produced^ its image le, and 
llie points of division which are the image of those of the 
fornler. Let these points be l, hi, ii, e : if you draw 
through these points lines parallel to the base BCy and do 
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the same thing in regard to the other triangles hab^ 8cc, 
you will have the area of the image, to be painted, divided - 
into parts corresponding to those of the base. By describ- 
ing in each of these, in the proper situation, and with the 
proper degree of elongation or contraction, the parts of 
the figure contained in the corresponding parts of the base^ 
you will have the distorted figure required, which, when 
seen from a certain point in the axis produced, will ap- 
pear to be regular, and to occupy the whole base. 

This kind of anamorphosis, on account of its singularity, 
is superior to any of the preceding; as the parts of the 
distorted figure are separated from each other, though 
they seem contiguous wlien seen in the mirror; other 
objects therefore may be painted in the intermediate 
spaces, which will mislead the spectators, and excite in 
them a greater degree of surprise. 

Of hmikular Glasses, or Lenses. 

A lens is a bit of glass having a spherical form on both 
sides, or at least on one side. Some of them are convex 
on the one side and plane on the other ; and others are 
convex on both sides: some are concave on one side^ or 
on both; and others are convex on one side, and concave 
on the other. Those convex on both sides, as they re- 
semble a lentil, are in general distinguished by the name 
of lenticular glasses, or lenses. 

The uses to which these glasses are applied, are well 
known. Those which are convex magnify the appearance 
of objects, and aid the sight of old people; on the other 
hand, the concave glasses diminish objects, and assist those 
who are short sighted. The forqner collect the rays of 
the sun around one point called the focus ; and, when of 
a considerable size, produce heat and combustion. The. 
concave glasses, on the contrary, disperse the rays of the 
sun. Both kinds are employed in the construction of 
telescopes aad microBCopes» 
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PROBLEM XLII. 

To find the focus of a glass ghbe. 

As glass globes supply, ou many occasions, the place of 
lenses, it is proper that we should here say a few words 
respecting their focal distance. The method of deter- 
mining it is as follows. 

Let BCD (pi. 11 fig. 38) be a glass sphere, the centre of 
which is F, and cd a diameter to which the incident ray 
AB is parallel. This ray, when it meets with the surface 
of the sphere in b, will not continue its course in a straight 
line, as would be the case if it did not enter a new medium, 
but will approach the perpendicular drawn from the centre 
F to B the point of incidence. Consequently, when it 
issues from the sphere at the point i, it would meet the 
diameter in a point e, if it did not deviate from the per- 
pendicular Fi, which makes it take the direction lo, and 
proceed to the point o, the focus required. 

To determine the focus o, first find, the point of meet- 
ing E, which may be easily done by observing that in the 
triangle fbe, the side fb is to fe as the sine of the angle 
FEB is to the sine of the angle fbe ; or, on account of the 
smallness of these angles, as the angle feb, or its equal 
6BE, is to the angle fbe ; for we here suppose the in- 
cident ray to be very near the diameter cd ; consequently 
the angle abh is very small, as well as its equal fbg ; and 
angles extremely small have the same ratio as their sines. 
Bût, by the laws of refraction, when a ray passes from air 
into glass, the ratio of the angle of incidence abh, or gbf, 
to the angle of refraction fbi, if the angles be very small, 
is as 3 to 2, and therefore the angle fbe is nearly the 
double of EBG : it thence follows that the side fb, of the 
triangle fbe, is nearly the double of fb or equal to twice 
the radius ; consequently de is equal to the radius. 

To find the point o, where the ray, when it issues from 
the sphere, and deviates from the perpendicolari ought to 
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meet the line de, the like reasoning miiy be employed, 
In the triangle ioBj the side lo is to os nearly as the angle 
ISO, or its equal ipb, is to the angle ois. Now these two 
angles are equal ; for the angle ifd is the one third of the 
angle of incidence fbo or abh ; but, by the law of re? 
fraction, the angle oiE is nearly the half of the angle of 
incidence eik, or of its equal fib, which is \ of the angle 
PBO: Uke the preceding it is therefore the third of fbo or 
HBA, and consequently the angles oie and obi are equal; 
whence it follows that oe is equal to oi, which i« itself 
equal to no, on account of their very great proximity* 
Therefore no, or the distance of the focus of a glass globe 
from the surface, is equal to half the radius, or the fourth 
part of the diameter. g.B.n. 

pboblem xliu. 

To fold ike focus ofamf lent. 

The same reasoning, as that emi^oyed to determine the 
course of a ray passing through a glass sphere, might be 
employed in the present case. But for the sake of brevity, 
we shall only give a general rule, demonstrated by op- 
ticians, which includes all the cases possible in regard to 
lenses, whatever combinations may be formed of convexi- 
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Case 1. When the lens i$ equalfy amoex on both sides. 

Let the radius of the conrvexity of each of the faces be, 
for example, equal to 12 inches. By the general rule we 
shall have this proportion: as the sum of the radii, or 24 
inches, is to one of them, or 12 inches, so is the diameter 
of the other, or 24 itiches, to a fourth term, which will be 
12 inches, the focal distance. Hence it appears that a 
tens equally convex on both sides unites the solar rays, or 
bi general rays parallel .to its axis, at the distance of the 
radius of one bf the two sphericities. 

Casb II. When the lens is unequally convex on both sides. 
If the radii of the convexities be 12 and 24, for instance, 
the following proportion must be employed : as 12 + 24, 
or 36, is to 12, the radius of one of the convexities^ iio is 
48, the diameter of the other, to 16 ; or as 12 + 24, or S6, 
is to 24, the radius of one of the convexities, so is 24, the 
diameter of the other, to 16. The distance of the focus 
therefore will be 16 inches. 

Case hi. When the lens has ofie side plane. 

If the sphericity on the one side be as in the preceding 
case, we must say, by applying the general rule : as the 
sum of the radii of the two sphericities, viz, 12 and an in- 
finite quantity, is to one of them, or the infinite quantity, 
so is 24, the diameter of the other convexity, to a fourth 
term, which will be 24 ; for the two first terms are equal, 
because an infinite quantity increased or diminished by a 
finite quantity, is always the same: the two last terms 
therefore are equal ; and it hence follows, that a plano- 
convex glass has its focus at the distance of the diameter 
from its convexity. 

Case iv. When the lens is cowoex on the one side, and 
concave on the other. 

-Let the radius of the conrexity be still 12, and that of 
•the concavity 9n. A.s a concavity is a negative convexity. 
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suflkiently thick and broad, to be converted into lenses 
several feet in diameter. One of them, of this size, in- 
flamed combustible substances at the distance of 12 feet. 
Its focus at this distance was about an inch and a half in 
diameter. But when it was required to make it produce 
its greatest effects, the focus was diminished by means of 
a second lens, placed parallel to the former, and at the 
distance of 4 feet. In this manner, the diameter of the 
focus was reduced to 8 lines, and it then fused metals, 
vitrified flint, tiles and slate, earthen ware, See, in short, it 
produced the same effects as the burning mirrors of which 
we have already spoken. 

Some years ago a lens, which might have been taken 
for that of Tchirnhausen, was exhibited at Paris. The 
glass of which it consisted was radiated and yellowish ; 
and the person to whom it belonged asked no less for it 
than 5Q0£. sterling. 

For the means of obtaining, at a less expence, glasses 
capable of producing the same effects, we are indebted to 
M. de Bemieres, of whom we have already spoken. By 
his invention for bending glass, two round plates are bent 
into a spherical form, and being then applied to each 
other the interval between them is filled with distilled 
water, or spirit of wine. These glasses, or rather water 
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the burning glasses and mirrors hitherto known^ and even 
to that of all furnaces. We have reason to expect from it 
new discoveries in chemistry. We shall here add that 
with water lenses, of a much smaller size, M. de Bernieres 
has fused metals, vitrifiable stones, &c. 

PROBLEM XLIV. 

Of some other properties of lerUictdar glasses. 

1st. If an object be exceedingly remote, so that there is 
no proportion between its distance and the focal distance 
.of the glass, there is painted in the focus of the lens an 
image of the object in an inverted situation. This ex- 
periment serves as the basis of the construction of the 
camera obscura. In thià manner the rays of the sun, or 
of the moon, unite in the focus of a glass lens, and form a 
small circle, which is nothing else than the image of the 
sun or moon, as may be easily perceived. ^ 

2d. In proportion as the object approaches the glass, 
the image formed by the rays proceeding from the object, 
recedes from the glass; so that when the distance of the 
object is double that of the focus, the image is painted 
exactly at the double of that distance ; if the object con- 
tinues to approach, the image recedes more and more ; 
and when the object is in the focus, no image is formed ; 
for it is at an infinite distance that it is supposed to form 
itself. In this case therefore the rays which fall on the 
glass, diverging from each point of the object, are re- 
.fracted in such a manner, as to proceed parallel to each 
other. 

The method of determining, in general, the distance 
from the lens at which the image of the object is formed, 
is as follows. Let oc be the object (fig. 39 pi. 1 1), de its 
distance from the glass, and ef the focal distance of the 
glass; if we make use of this proportion: as fd is to fe, 
so is BF to £6, taking eg on the other side of the glass 
when ED is greater than ef, the point g will be that of the 
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axis to which the point d of the object, situated in the 
axis, will correspond. 

Hence it may be easily seen, that when the distance of 
the object from the focus is equal to nothing, the distance 
£6 must be infinite, that is to say there can be no image. 

It must also be obserired that, w4ien ef is greater than 
ED, or when the object is between the glass and the focus, 
the distance eg must be taken in a contrary direction, or 
on this side of the glass, as %g; which indicates that the 
rays proceeding from tlie object, instead of forming an 
image beyond the glass, diverge as if they proceeded froito 
an object placed at g» 

Of Teiescopes, bath BeJrMcting and Reflecting. 

Of all optical inventions, none is equal to that of the 
telescope: for, without mentioning the nnmeroits ad- 
vantages derived from the common use of this wond^ol 
instrument, it is to it we are indebted for the most interest* 
ing discoveries in astronomy. It is by its means that the 
human mind has been able to soar to those regions other- 
wise inaccessible to man, and to examine the principal 
facts which serve as the foundation of oar knowledge re- 
specting the heavenly bodies. 

The 'first telescope was constructed in Holland, about 
the year 1609 ; but there b much uncertairity in regard to 
the name of the inventor, and the means he employed in 
the formation of his instrument. A dissertation on this 
subject may be seen in Montucla's History of the Matbe* 
matics. We shall confine ourselves at present to a de« 
scription of the different kinds of telescopes, both refract- 
ing and reflecting, and of the manner in which they 
produce their effect. 

Of Refracting Telescopes. 

1st. The first kind of telescope, and that most com- 
monly usedy is composed of a convex glass» called the 
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o^'ectglass^ becanse it is that nearest the objects, ao^ ft 
€oncave one, called the eycrglass, because it is nearest the 
^e. These glasses mast be disposed in such a manner, 
that the posterior focus of the object glass shall coincide 
with die posterior fooos of the concave glass. By means 
of this disposition, the object appears magnified in the 
nrtio of the focal distance of the object glass, to that of the 
^y^I^tss. Thasy if the focal distance of the object glaas 
iw 10 inches, and that of the ^^-glass 1 inch, the instru- 
ment will be 9 inches in length and will magnify objects 
10. times. 

This kind of telescope is called the Bat(ma$h on aocount 
of tlie place where it was invented. It is known also4>y 
the name of the Galilean, becanse Galileo, iiaving heard 
of it, constrncted one of the same kind, and by its means 
was enabled to make those discoveries-in the •heavens which 
hove immortalized his -name. At present, very short te- 
lescopes only are made according to this priBci|>le^ be- 
cause they are attended with one defect, whieh 4(9, that 
when of a considerable» length they have a very confined 
field. 

2d. The second kind of telescope 4s called the astrom-^ 
micalf because employed chiefly by astronomers. >It is 
composed of two convex .glasses,'disposed in such a man^ 
ner, that the posterior focus of the object glass and the 
anterior focus of the eye-glass coincide together, or very 
nearly so. The eye must be applied to a small apertute, 
• at a distance from the eye-glass equal to that of its focus. 
It will then have a field of large extent, and it will show 
the objects inverted, andrmagnified in the ratio of the focal 
distances of the object glass and eye-glass. If we^ti^e, by 
way of example, the proportions already employed, the 
astronomical telescope will be 12 inches in length, and will 
magnify 10 times. 

Telescopes of very gceat length may be constructed 
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e with three glasses ; but experience has 
. -bis arrangement, the objects are somewhat 
which reason it is no longer used. 
' • .^opes with 5 glasses have also been proposed, 
i\i 'did the rays gradually, as we may say, and 
ic inconveniences of the too strong refraction, 
.!;*nly takes place at the first eye-glass; and also 
the field of vision. We have even heard of 
oopes of this kind which were attended with 
('ss; but we do not find that this combination of 
s been adopted. 
■L ^ )me years ago, a new kind of telescope was in- 

■t^ under the name of the achromatic, because it is 

in those faults occasioned by the different refrangi* 
:)t' light, which in other telescopes produces colours 
^distinctness. The only difference between this and 
(' telescopes is, that the object glass, instead of being 
îied of one lens, is composed of two or three made of 
:erent kinds of glass, which have been found by expe- 
Liice to disperse unequally the different coloured rays of 
. hich light is composed. One of these glasses is of crown- 
^^lass, and the other of flint glass. An object glass of this 
kind, constructed according .to certain dimensions deter* 
mined by geometricians, produces in its focus an image 
far more distinct than the common ones ; on which ac* 
count much smaller eye-glasses may be employed without 
afiecting the distinctness, as is confirmed by experience. 
These telescopes are called also DoUon(Fs telescopes, aflfcer 
the name of the English artist who invented them. By the 
above means, the English opticians construct telescopes of 
a moderate length, which are equal to others of a far 
g^rèàter size; and small ones, not much longer than opera- 
glasses, with which the satellites of Jupiter may be seen, 
ai>e «old under Dollond's name at Paris. M. Antheaume, 
according to the dimensions given by M. Clairault, made, 
iB'th^ capita], an achromatic telescope of 7 feet focal 
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distance» which when compared with a common one of 30 
or 35 feet, was found to produce the same e£Eect. . 

This invention gives us reason to hope that discoveries 
will be made in the heavens, which a few years ago would 
have appeared altogether impossible. It is not improba- 
ble even that astronomers will be able to discover in the 
moon habitations and animals, spots in Saturn and Mer- 
cury, and the satellite of Venus, so often seen and so often 
lost. 

To give an accurate idea of the manner in which tele* 
scopes magnify the appearance of objects, we shall take, 
by way of example, that called the astronomical telescope, 
as being the simplest. If it be recollected that a convex 
lens produces in its focus an inverted image of objects 
which are at a very great distance, it will not be difficalt 
to conceive, that the object glass of this telescope will 
form behind it, at its focal distance, an inverted image ùS 
any object towards which it is directed. But, by the con- 
struction of the instrument, this image is in the anterioi 
focus of the eye-glass, to which the eye is applied ; con- 
sequently the eye will perceive it distinctly; for it is weU 
known, that when an' object is placed in the focus of a 
lens, or a little on this side of it, it will be seen distinctly 
through the glass, and in' the same direction. The image 
of the object, which here supplies its place, being then 
inverted, the eye-glass, through which it is viewed, will 
not make it appear upright, and consequently the object 
will be seen inverted. 

In regard to the size, it is demonstrated, that the angle 
under which the image is seen, is to that under which the 
object is seen, from the same place, as the focal distauee 
of the object glass, is to that of the eye-glass: hence the 
magnified appearance of the objeet. 

In terrestrial telescopes, the two first eye-glasses oolf 
invert the image ; and this telescope therefore must re- 
present objects' upright. But having said enough -te». 
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^pecting refracting tdescopes, we shall now proceed to. 
reflecting ones» 

\ Of Rejecting Tdeseopes. 

Those who are well acquainted with the manner in which, 
objects are represented by common telescopes, w\ll readily 
conceive that the same efFect may be produced by reflec* 
tion I for a concave mirror, like a lens, paints on its focus 
an image of distant objects. ^ If means then are found to 
reflect the image on one side, or backwardsji in such a man* 
ner as to be made to fall in the focus of a convex glass^ 
and to view it through this glass, we shall have a reflecting 
telescope* It need therefore excite no surprise that be* 
fore Newton, and in the time of Descartes and Mersenne,^ 
telescopes on this principle were proposed. 

Newton was led to this invention while endeavouring to 
discover some method of remedying the want of distinctness 
in the images formed by glasses ; a fault which arises from 
the different refrangibility of the rays of light that are de- 
composed. Every ray, of whatever colour, being reflected 
under an angle equal to the angle of incidence, the image 
is much more distinct, and better terminated in all its 
parts, as may be easily proved by means of a concave 
mirror. Oa this account he was able to apply an object 
gla«8 much smaller, which would produce a greater magni* 
fyiog power \ and this reasoning was confirmed by ex* 
pertence. 

Newton never constructed telescopes of more than 15 
inches in length. According to his method, the mirror 
was placed in the bottom of the tube, and reflected th^ 
image of the object towards its aperture : near this aper« 
ture was placed a plane mirror, that is, the base of a small 
ilQSCeles rectangular prism, silvered at the bàck^ and in* 
«lined at ao angle of 45 degrees. This small mirror re* 
fli9Gled the im^e towards the side of the tube, where there 
was a bole, into which was fitted a lens of a very short 
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focal distance, to serve as the eye-glass. The object tbeo 
was viewed from the side, a method, in many cases, ex- 
ceedingly convenient. Mr. Hadley , a fellow of the Royal 
Society, constructed, in the year 1723, a telescope of this 
kind, 5 feet in length, which was found to produce the 
same effect as the telescope of 123 feet, presented to the 
Itoyal Society by Huygens. 

The reflecting telescopes, used at present, arc con- 
structed in a manner somewhat different. The concave 
mirror, at the bottom of the tube, has a round bole in the 
middle, and towards the other end is a mirror, sometimes 
plane, turned directly towards the other one, which, re- 
ceiving the image near the middle of the focal distance, 
reflects it towards the hole in the other mirror. Against 
this hole is applied a lens of a short focal distance, whicb 
serves as an eye-glass, or for viewing terrestrial objects, in 
order that they may appear upright ; and three eye-giasset 
are used, arranged in the same manner as in terrestrial 
telescopes. 

A telescope however may be made to magnify nnieh 
HKure by the following construction. The large mirror, 
as iu all the others, is placed at the bottom, and basa hole 
in the centre, before which the eye-glass is applied. At 
the other end of the tube is another concave mirror, of a 
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There is also the telescope of Cassegraioj who employs 
a convex mirror to magnify the image- formed by the first 
concave one. Dr. Smith thought it attended with so many 
advantages, that he was induced to analyse it in his Trea- 
tise on Optics. Cassegrain was a French artist, who pro- 
posed this method of construction about the year 1665, 
and^ nearly at the same time that Gregory proposed his. 
Il is certain that the length of the telescope is by these 
means considerably diminished. , . 

The English, for a long time, have onjoyed a superiority 
in works of this kind. The art of casting and pojishing 
the metallic mirrors, necessary for these instruments, is in- 
deed exceedingly difficult. M. Passement, a celebrated 
French artist, and the brothers Paris and Gonichpn, opti- 
cians at Paris, are the first who attempted to vie with them 
in this branch of manufacture ; and both have constructed 
a great number of rel^»<cting telescopes, some of which axe 
5 or 6 feet in length. Among the English, no artist dis- 
tinguished himself more in this respect than Short, though 
his telescopes were not of great length : besides some of 
4, 5 and 6 feet, he made one of 12, which belonged scHXie 
years ago to the physician of Lord Macclesfield; By ap« 
plying a lens of the shortest focal distance which it could 
bcoir, it magnified about 1200 times. The satellites of 
Jupiter therefore, seen through this telescope, are said to 
have had a sensible apparent diameter. But this telescope, 
as we have heard, is no longer in existence, the large mir- 
ror being lost. > 

The longest of all the reflecting telescopes ever yet 
constructed, if we except that lately made by Herschel, is 
one in the king's collection of philosophical and optical 
instruments at la Meute ; it is the work of dom Noel, a 
Benedictine, the keeper of the collection, and was begun 
several years before he was placed at the head of that 
establishment, where he finished it, and where the curious 
were allowed to see it, and to contemplate with it. the 
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WaTeiif; II: ifk moonted on a kind of moveaUo^ padertal, 
aad) notwithstanding its enonnous weighty can be morad 
in eresry direction, along with the observer, by a Terp 
simple mechanism. But what would be most iateresting^ 
b to ascertain the degree of its power, and whether it pn> 
dttces an efiect proportioned to its length, or at kast con* 
siderably greater than the largest and best reflecting tele» 
scopes constructed before ; for we know that the efifecfts 
of these instruments, supposing the same excellence in 
the workmanship, do not increase in proportion to the 
Isngtbw 

Huygens* telescope of 12S feet, which he presented to 
the Royal Society, did not produce an efGact qittdrapl» 
that of a good telescope of SO feet ; and the case must be 
die same in regard to reflecting telesc^opes, where the dif* 
ficulties of the labour are still greater $ so that if a tele* 
scope of 24 feet produce one half aldre efiect than another 
of IS, or only the double of one of 6 feet, it ought, ip our 
opinion, to be considered as a good instronsent» 

We have heard that diim Noel was desirous of making 
this comparison, and the method he proposed was eationaL 
We have long considered it as the only one pvoper tot 
comparing such instruments. It is to place at the distance 
of several hundred feet printed characteis of evesy i 
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to go to the different obsenratories^ at times when, the 
weather is exactly similar, and examine what character 
can be read t^ eacfa> telescope. By this method a pontive 
answer to the above question would be obtained. 

But the largest, and the most po%yerful5of all die reflecting 
telescopes, have been lately made by Dr. Herschel, under 
the auspices of the British monarch; a consequence o£ 
which was the discovery of his new primary planet, and 
of many additional satellites. After a' long perseverance 
in a series of improvements of reflecting telescopes, of the 
Newtonian form, making them successively larger and 
more accurate, this gentleman came at length to make one 
of the amazing size of 40 feet in length. This telescope 
was begun in the year 178a, and completed in 1789. The 
length of the sheet iron tube is 40 feet, and diameter 4 feet 
10 inches. The great mirror is 49^ inches in diameter, 
3 j. inches thick, and weighs 2 1 ISlb. The whole is managed 
by a large apparatus of machinery, of wheels and pulleys, 
by means of which it is easily moved, in any direction, 
vertically and sideways. The observer looks* in at the 
outer or object end ; from whence proceeds a pipe to a 
small house near the instrument, for conveying informa* 
tion by sound, backward and forward to an assistant, wha 
thus under cover sets- down the time and observations 
made by the principal observer. The consequences of 
'this, and the other powerful machines of this gentleman, 
have been new discoveries in the heavens of the nsost in* 
pûirtaiit nature. ' 

PROBLEM XLV. 

Method of constructing a telescope^ by means of which an 
olgect may be seen^ even when the instrument appears ta 
be directed towards another^ 

As it is not poiite'to gaze at any one, a sort of glass has 
been invented in England, by means of which, when the 
pesson wJiauses k seems «o be viewing one otgect, be is 
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really looking at another. The construction of this instru* 
ment is very simple. 

Adapt to the end of an opera glass (fig. 40 pi. 11), the 
object glass of which in this case becomes useless, a tube 
with a lateral aperture as large as the diameter of the tube 
will admit, and opposite to this aperture place a small mir* 
ror inclined to the axis of the tube at an angle of 45 de- 
grees, and having its reflecting surface turned towards the 
object glass. It is evident that when this telescope is di- 
rected straight forwards, you will see only bome of the 
lateral objects, viz, those situated near the line drawn from 
the eye in the direction of the axis of the telescope and 
reflected by the mirror. These objects will appear up« 
right, but transposed from ri^ht to left. To conceal the 
artifice better, the fore part ot the telescope may be fur- 
nished with a plane glass, which will have the appearance 
of an object glass placed in the usual manner. 

This instrument, which is not very common in France^ 
is exceedingly convenient for gratifying 'one's curiosity in 
the playhouse, and other places of public amusement, 
especially if the mirror be so fixed, as to be susceptible of 
being more or less inclined ; for those who use it, while 
they seem to look at the stage and the performers, may 
without affectation, and without violating the rules of 
politeness, examine an interesting figure in the boxes. 

We must however observe that the first idea of this in- 
strument is not very new; for the celebrated Hevelius, 
who it seems was afraid of being shot, proposed many years 
ago his polemoscopCf or telescope for viewing under cove?, 
and without danger, warlike operations, and those in par- 
ticular which take place during the time of a siege. It 
consisted of a tube bent in such a manner as to form two 
elbows, in each of which was a plane mirror inclined at an 
angle of 45 degrees. The first part of the tube was made 
to rest on the pars^t towards the enemy ; the image re- 
flected, by the first jinclined mirror passed through the tube 
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in a perpendicular direction, and meeting with the second 
mirror was reâected horizontally towards the eye glass, 
where the eye was applied : by these means a person be- 
hind a strong parapet could see what the enemy were 
doing without the walls. The chief thing to be appre- 
. hended in regard to this instrument was, that the object 
glass might be broken by a ball ; but this was certainly a 
trifling misfortune, and not very likely to happen. 

Of Microscopes. 

What the telescope has performed in the philosophy of 
the heavenly bodies, the microscope has done in regard to 
that of the terrestrial : for by the assistance of the latter 
we have been able to discover an order of beings which 
would otherwise have escaped our notice ; to examine the 
texture of the smallest of the productions of nature, and 
to observe phenomena which take place only among the 
most minute parts of matter. Nothing can be more curi- 
ous than the facts which have been ascertained by the as- 
nstance of the microscope : but in this pari of science 
much still remains to be done. 

There are two kinds of microscopes ; simple and- com- 
ponnd : we shall speak of both, and begin with the former. 

PROBLEM XLVI. 

Method of constnuting a single microscope. 

I. Every convex lens of a. short focal distance is a mi- 
croscope ; for it is shown that a lens magnifies in the ratio 
of the focal distance to the least distance at which the ob- 
ject can be placed to be distinctly seen ; which, in regard 
to most men who are not short-sighted, is abdut 8 inches. 
Thus a lens, the focal distance of which is 6 lines, will 
magnify the dimensions of the object 16 times ; if its focal 
distance be. only one line it will magnify 96 times. 

IL It is difficult to construct a lens of so short a focus ; 
as it is necessary that the radius of each of its convexities 
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AoM be only a line ; for this reason small glass globes^ 
fused at an enameller^s lamp, or the flame of a taper, are 
employed in their stead. The method by which this is 
done, is as follows. 

Breali off a piece of very pure transparent glass, either 
by means erf an instrument made for that porpose, or the 
wards of a~key ; then take up one of these fnigments by 
applying to it the point of a needle a little moistened with 
saliva, which will make it adhere, and present it to the blue 
flame of a taper, which must be kept somewhat inclined 
that the fragment of glass may not fall upon the wax. As 
soon almost as it is held to the flame it will be fused into a 
round globule, and drop down: a piece of paper there- 
fore, with a turned up border, must be placed below, in 
order to receive it. 

It is here to be observed that there are some kinds t>f 
glass which it is diflkuk to fiise : in this case it will le ne- 
cessary to employ another kind. 

Of these globules select the brightest and roundest ; 
then take a plate of copper, 5 or 6 inches in length, «nd 
about 6 lines in breadth, and having folded it double, mdce 
a hole in it somewhat less in diameter "than the globule, 
and raise up the edges. If you then fix one of these 
rlobules in this hole, between the two plates, and bind 
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The eètebrated Lewenhœck, so weU Icnown on accouiit 
of bis microscopical observations, never employed micro- 
scopes of any other kind. It is however certain that they 
are attended with many inconveniences, and can be used 
only for objects which are transparent, or at least semi- 
transparent, as it may be readily conceived that it is not 
possible to illuminate a surface which is viewed in any 
other way than from behind. By means of these micro- 
scopes Lewenhoeck made a great number of curious ob- 
servations, an account of which will be found hereaftw, 
under the head Microscopical Observations» 

IIL The water microscope of .Gray, which is much 
ttmpler, may be constructed in the following manner. 

Provide a plate of lead, |. of a line in thickness at most, 
and make a round hole in it with a needle or a large pin ; 
pare the edges of this hole, and put into it, with the point 
of a feather, a small drop of water : the anterior and pos- 
terior surfaces of the water will assume a convex spherical 
form, and thus you will have a microscope. 

The focus of such a globule is at a distance somewhat 
greater than that of a glass globule of equal siase ; for the 
focus of a globule of water is at the distance of the radius 
from its surface. A globule of water therefore, ^ a line in 
diameter, will magnify only 128 times ; but this deficiency 
is fully compensated by the ease with which a globule of 
iuiy diameter, however small, may be obtained. . 

If water be employed in which leaves, wood, pepper, :or 
flour has been infused-, in the open air, the microscope will 
be both object and instrument ; for by this means the small 
microscopic animals which the water contains will be seen. 
Mr. Gray was very much astonished, the first time he ob- 
served this phenomenon ; but it afterwards occurred to him 
that the posterior surface of the drop produced, in regard 
to those animals placed between it and its focus, the same 
efiects as a concave mirror, and magnified their image» 
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which was still farther enlarged by the kind of convex lens 
of the anterior surface. 

IV« Another kind of microscope may be also procured 
at a very small ex pence, by making a hole of about the 
fourth or the fifth part of a line in diameter, in a card or 
very thin plate of metal. If very small objects be viewed 
through this hole, they will appear magnified in the ratio 
of their distance from the eye, to that at which an object 
can be distinctly seen by the naked eye. — ^This kind of 
microscope is much extolled in the Journal de Trévoux i 
but we must confess that we never could see small objects 
distinctly through such holes, unless at the distance of an 
inch or half an inch ; And even then they did not appear 
to be much magnified. 



PROBLEM XLVII. 

Of Compound Microsc&pes. 
The compound microscope consists of an object glass, 
which is a lens of a very short focus, such for example as 
4 or 6 lines, and an eye-glass of 2 inches focus, at the 
distance from it of about 6 or 8 inches. The object must 
be placed a little beyond the focus of the object glass, and 
the distance of the eye from the eye-glass ought to^be 
equal to the focal distance of the latter. Having formed 
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=:56, which expresses the number of times that the dia- 
meter of the object will appear to be magnified. 

If you are desirous that it should not be magnified so 
.much, remove gradually the object from the object glass, 
and bring the eye-glass nearer ; the imagé will then be 
seen not so large^ but more distinct* 

On the other hand, if you wish it to be magnified more, 
move the object gradually towards the object glass, or 
move the latter towards the object, and remove the eye- 
glass : the object will then appear much larger ; bdt there 
are certain limits beyond which every thing seems confused. 

Instead of one eye-glass, two are sometimes used to in- 
crease the field of vision ; the first of which has a focal 
distance of 4 or 5 inches, while that of the second is much 
less; but this is still the same thing. The image of the 
small object must be placed, in regard to this compound 
eye-glass, in the same point where an object ought to be, 
to be seen distinctly when viewed through it. 

A concave object glass might be employed, by making 
its posterior focus coincide with the image: this would 
form a kind of microscope similar to the Batavian tele- 
scope ; but it would be attended with the ^me iaconve* 
nience, that of having too contracted a field» 

There are also reflecting microscopes as well as tele- 
scopes : the principle of both is the same, a minute object 
placed very near the focus of a concave mirror, and on this 
side of it, in regard to the centre, reflects an image of it 
beyond the centre; and this image will be larget the 
nearer it is to the focus. The image is viewed through a 
convex lens, and in this kind of microscope an object glass 
of a much shorter focus may be employed, which will con- 
tribute to the amplification of the object. 

Every thing relating to this subject may be found in a 
very curious work by Baker, entitled the Microscope made 
easy. The reader may consult also Smith's Optics, Part 4. 
These works, and particularly the first, contain a great 
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variety of curious details respecting the method of em- 
ploying microscopes, and the observations made by means 
of them. See also Essais de Physique de Muschenhroeck. 
We intend to give an account of the most curious ob* 
servations which have* been made by the assistance of the 
microscope ; but to avoid confusion we shall reserve that 
article for the end of this part of our work. 

PROBLEM XLVIII. 

A very simple method of ascertaining the real magnitude qf 
olgects^ seen through a microscope. 

It is often useful^ and may sometimes gratify curiosity, 
to be able to determine the real magnitude of certain ob» 
jects examined by means of the microscope : the following 
very simple'and ingenious method for thb purpose was in- 
vented by Dr. Jurin, a celebrated philosopher, and a fellow 
of the Royal Society of London. 

Take a piece of the finest nlver wire possible to be ob- 
tained, and roll it as cloçe as you can around an iron 
cylinder, a few inches in length. It will be necessary to 
examine it with a microscope, in order to discover whether 
there bç any vacuity or opening between the folds: by 
these means you will ascertain, with great precision, the 
diameter of the silver Ivire. For if we suppose that there 
are 520 turns in the space of an inch, it is evident that 
the diameter of the wire will be the 520th part of an inch ; 
a measure which cannot be obtained in any other manner. 

Then cut this silver wire into very small bits, and scatter 
a certain quantity of them over the small plate on which 
the objects, submitted to examination, are placed : if yov 
look at these bits of wire along with the objects, you will 
be enabled, by comparing them together, to judge of the 
size of the latter. 

It was by a similar process that Dr. Jurin determined 
the size of the globules which give to blood its red colour.' 
He fiprst found that the diameter of hit silver wire was the 
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485tb part of an inch, and then judged by comparison that 
the diameter of a red globule of the blood was a 4th part 
of that of the wire ; from which he concluded that the dia^ 
meter of the globule was the 1940th part of an inch. 

PROBLEM XLIX. 

To construct a Magic Picture, which being seen in a certain 

point, through a glass, shall exhibit an object d^erent 

from that seen with the naked eye. 

As this optical problem is solved by means of a glass cut 
into facets, or what is called a multiplying glass, we shall 
first explain the nature of such glasses. 

Multiplying glasses are generally lenses, plane on one 
side, and on the other cut into several facets in the form of 
a polyedron ; of this kind is the glass represented fig. 41 
and 42, plate 12, where it is seen in front, and also edge- 
wise. It consists of a plane hexagonal facet in the centre, 
and six trapeziums arranged round the circumference. 

These glasses have the property of representing the 
object as many times as there are fiaicets ; for if we suppose 
the object to be o, the rays which proceed from it fall upon 
all the facets of the glass ad, dc, cb. Those which tra- 
verse the facet DC, pass through it as through a plane glass 
interposed between the eye and the object ; but the rays 
that proceed from o, to the inclined facet ad, experience 
a double refraction, which makes them converge towards 
the axis oe, nearly as they would do if they fell upon the 
spherical surface, in which the glass polyedron might be 
inscribed. The eye, being plac^ in the common point of 
concurrence, sees the point o^ at w, in the continuation of 
the radius ef ; consequently an image of the point o, dif- 
ferent from the former, will be observed. As the same 
.thing takes place in regard to each facet, the object will 
be seen as many times as there are facets on the glass, and 
in different places. 
Now if we suppose a luminous point in the axis of the 
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glass, and at a proper distance, all the rays which fall on 
one facet will, after a double refraction, proceed to a piece 
of white paper placed perpendicular to the axis continued, 
and paint on it an image of that facet of a greater or lets 
size, and which at a certain distance will be inverted. 
Consequently, if we suppose the eye to be substituted in- 
stead of the luminous point, and that the image itself is 
luminous or coloured, the rays which proceed from that 
image, or part of the paper, will terminate at the eye ; and 
they will be the only ones that reach it after experiencing 
a double refraction on the same fecet : If the like reason- 
ing be employed in regard to the rest, it may be easily 
seen that, when the eye is placed in a fixed point, it will 
observe through each facet only a certain portion of the 
paper, and that the whole together will fill the field of 
vision, though detached on the paper ; so that if a certain 
part of a regular and continued picture, be painted on each» 
they will all together represent that picture* 

The artifice then of the proposed magic picture^ after 
having fixed the place of the eye, that of the glass and the 
field of the picture, is to determine those portions of the 
picture which shall alone be seen through the glass ; to 
paint upon each the determinate portion^ according to a 
subiect, such as a portrait, so that when united to- 
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•drawn out at pleasure, is the field of the intended picture : 
SDH is a vertical board, the bottom part of which must be 
contrived in such a manner, that it can be brought nearer 
to or farther from the painting ; and towards the upper 
part it is furnished with a tube, having at its anterior ex* 
tremity a glass cut into facets, and at the other a piece of 
card, in which is a small hole made by means of a needle, 
and to which the eye is applied. We shall here suppose 
the glass to be plane on one side, and on the other to con- 
sist of six rhomboidal facets, placed around the centre, and 
of six triangular ones which occupy the remainder of the 
hexagon. 

When every thing is thus prepared, fix the support edh 
at a certain distance from the field of the picture, accord^ 
ing as you are desirous that the parts to be delineated 
should be nearer to or farther from each other. But this 
distance ought, at least, to be 4 times the diameter of the 
sphere in which the polyedron of the glass could be in- 
scribed ; and the distance of the eye from the glass may be 
equal to twice that diameter. Then place the eye at the 
hole K, the distance of which has been thus determined, 
and with a stick, having a pencil at the end of it, if the hand 
cannot reach the pasteboard, trace out, in as light a man- 
ner as possible, the outline of the space observed through 
one facet, and do the same thing in regard to the rest. 
This operation will require a great deal of accuracy and 
patience ; for, to render the work perfect, no perceptible 
interval must be left between the two spaces seen through 
two contiguous facets : it will be better on the whole if they 
rather encroach a little on each other. Care must also be 
taken to mark each space with the same number as that 
assigned to each facet, in order that they may be again 
known. This however will be easy, by observing that the 
space corresponding to each facet is always transferred 
parallel to itself from top to bottom, or from right to left, 
çn the other side of the centre. 
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The next thing is to delineate the regular picture in* 
tended to be seen, and to transpose it into the spaces 
where it appears distorted. According to mathematical 
accuracy, it would be necessary for this purpose to form 
a projection of the glass cut into facets, supposing the eye 
at the distance at which it is really placed; but as we sup- 
pose it a little more remote, we may without any sensible 
error assume, as the field of the regular picture, the vertical 
projection, as seen fig. 44 n^ 1 , where it is represented 
such as it would appear to the eye placed perpendicularly 
above its centre, and at a very considerable distance. 

Delineate in the field, which in this case will be hex* 
agonal, and composed of 6 rhomboids and 6 triangles, any 
figure whatever, as a portrait for example, and then, coo- 
ndering that the space abed is that where the portion of 
the picture marked i ought to appear, it must be trans» 
ferred thither with as nfuch care as possible ; do the same 
thing in regard to the rest ; and by these means the princi- 
pal part of the picture will be completed. But as it ia 
intended to shew something else beside what ought to bi| 
seen, it must be disguised by means of some other ob* 
jects painted in the remaining part of the field, making 
them to harmonize with what is already painted, in such a 
manner, that the whole shall appear to form one regukc 
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was shown in the year 1759, in the exhibition room of the 
Rojral Academy of Painting. To the naked eye, it was 
an allegorical picture, which represented the Virtues, 
with their attributes, properly grouped ; but when seen 
through the glass, it exhibited the portrait of Louis the 
15th. 

REMARKs.-«»lst« It is necessary to observe that the 
place of the glass, when once fixed, must be invariable ; 
foras glasses perfectly regular cannot be obtained, if they 
are moved it will be almost impossible to replace them in 
the proper point ; hence it will be necessary to be assured 
that the glass is of a good quality ; for if it be too alkaline, 
and happen to lose its polish by the contact of the air, 
another capable of producing the same effect cannot be 
substituted in its stead. This is an accident which, ac- 
cording to what we have heard, happened to the glass of 
Vanloo*s picture. 

2d. Instead of a glass, like that employed in the above 
example, pr of one more compounded, a plain pyramidal 
glass might be employed, by which the problem would be 
greatly simplified. 

Sd. A glass, the portion of a prism, cut into a great 
number of planes parallel to its axis, might also be em* 
ployed; in this case the painting to be viewed through 
the glass ought to be delineated on parallel bands. 

4th. A glass might be formed of several concentric 
conical surfaces, or of several spherical surfaces of difierent 
diameters, likewise concentric': in this case the pictqre to 
be viewed through the glass ought to be distributed in 
different concentric rings. 

5th. A magic picture might be formed by reflection. 
For this purpose, provide a metal mirror with facets well 
polished, and having very sharp edges ; place before it« 
in a direction parallel to its axis, a piece of white paper or 
card, and by means of the principles above explained 
4elineate a picture» which when viewed in front by the 
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naked eye shall represent a certain subject; if you the»' 
make a hole in the middle of the picture, and look through 
this hole at the image of it formed by the mirror, it will 
appear to be entirely different. 

PROBLEM L. 

To construct a Lantern^ by means of which a book com be 
read at a great distance y at night. 

Construct a lantern of a cylindric form, or shaped like a 
small cask placed lengthwise, so that its axis shall be hori- 
zontal ; and in one end of it fix a parabolic mirror, ot 
merely a spherical one, the focus of which falls about thft 
middle of the length of the cylinder: if a taper or lamp 
be then placed in this focus, the light will be reflected 
through the open end, and will be so strong that very 
small print may be read by it at a great distance, if look^ 
at through a telescope. Those who see this light at a 
distance, if standing in the axis of the lantern continued^ 
will imagine that they see a large fire. 

PROBLEM LI. 

To construct a Magic Lantern. 

The name of magic lantern, as is well known, is givei» 
to an optical instrument, by means of which figures greatly 
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the midclle of the fore-part of it, about 8 inches in diameter: 
into this hole let there be soldered a tube^ the interior 
aperture of which must be furnished with a very trans- 
"parent lens, having its focus within the box, and at the 
distance of two thirds or three fourths of the breadth of 
the box. In this focus place a lamp with a large wick, in 
order that it may produce a strong light; and that the 
machine may be more perfect, the lamp ought to be move- 
able, so that it can be placed exactly in the focus of the 
lens. To avoid the aberration of sphericity, the lens in 
question may be formed of two lenses, each of a double 
focus. This, in our opinion, would greatly contribute to 
the distinctness of the picture. 

At a small distance from the aperture of the box, let 
there be a slit in the tube, for which purpose this part of 
it must be square, capable of receiving a slip of glass sur- 
rounded by a frame, 4 inches in breadth, and of any 
length at pleasure. Various objects according to fancy 
are painted on this slip of glass, with transparent colours ; 
but in general the subjects chosen are of the comic and 
grotesque kind (fig. 46 pi. 13). 

Another tube, furnished with a lens of about 3 inches 
focal distance, must be fitted into the former one, and in 
such a manner, that it can be drawn out or pushed in as 
may be found necessary. 

Having thus given a description of the machine, we shall 
now explain its effect. The lamp being lighted, and the 
machine placed on the table opposite to a white wall, if it 
be exhibited in the day time, shut the windows of the apart- 
ment, and introduce into the slit above mentioned one of 
the painted slips of glass, but in such a manner that the 
figures may be inverted : if the moveable tube be then 
pushed in or drawn out, till the proper focus is obtained, 
the figures on the glass will be seen painted on the wall in 
their proper colours, and greatly magnified. 

If the other end of the moveable tube l}e furoishcd with 
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a lens of a much greater focal distance, the luminous Add 
will be increased) and the figures will be magnified in pro- 
portion. It will be of advantage to place a diaphragm IQ 
this moveable tube, at nearly the focal distance of the first 
lens, as it will exclude the rays of the lateral objects, and 
thereby contribute to render the painting much more 
distinct. 

We have already said that the small figures on the glass 
must be painted with transparent colours. The colours 
for this purpose may be made in the following manner : 
red by a strong infusion of Brasil wood, or cochineal, or 
carmine, according to the tint required; green by a so» 
lution of verdigris ; or for dark greens, of martial vitriol 
(sulphate of iron); yellow^ by ap infusion of jrellow berries; 
blue, by a solution of vitriol of copper (sulphate of copper) ; 
these three or four colours, as is well known, will be saf* 
ficient to form all the rest : they may be mixed up and 
rendered tenacious by means of very pure and transparent 
gum-water, after which they will be fit for painting on 
glass. In most machines of this liind, the paintings are so 
coarsely executed, that they cannot fail to excite disgust ; 
but if they are neatly designed, and well finished, this 
small optical exhibition must afibrd a considerable degree 
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focal distance. To the inside of the hole adapt a tube 
having, at a small distance from the lens, a slit or aperture^ 
capable of receiving one or two very thin plates of glass, 
to which the objects to be viewed must be affixed by 
means of a little gum water exceedingly transparent. Into 
this tube fit another, furnished at its anterior extremity 
with a lens of a short focal distance, such for example as' 
half an inch. If a mirror be then placed before the hole 
in the window shutter on the outside, in such a manner as 
to throw the light of the sun into the tube, you will have 
a solar microscope. The method of employing it is as 
follows. 

Having darkened the room, and by means of the mirror 
reflected the sun's rays on the glasses in a direction parallel 
to their axes, place some small object between the two 
moveable plates of glass, or affix it to one of them with 
very transparent gum water, and bring it exactly into the 
axis of the tube : if the moveable tube be then pushed in 
or drawn out, till the object be a little beyond the focus, 
it will be seen painted very distinctly on a card or piece of 
white paper, held at a proper distance ; and will appear 
to be greatly magnified. A small insect, such as a flea for 
eseample, may be made to appear as large as a sheep, or a 
hair as large as a walking stick: by means of this instru- 
ment the eels in vinegar, or flour paste, will have the ap- 
pearance of small serpents. 

Remark. — As the sun is not stationary, this instrument 
is attended with one inconvenience, which is, that as this 
luminary moves with great rapidity, the mirror on the 
outside i^uires to be continually adjusted. This defect 
however s*Gravesande reijiedied by means of a very in- 
genious machine, which moves the mirror in such a man- 
ner, that it always throws the sun's rays into the tube. 
This machine, therefore, has been distinguished by the 
name of the sol-sta. 

Some curious details reii^pecting the solar microscope 
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may be seen in the French Translation of Smith's Optici^ 
where several useful inventions for improving it, and for 
which we are indebted to Euler, are explained. A method, 
invented by ^pinus, of rendering it proper for represent- 
ing opake objects, will be found there also. It consists 
in reflecting, by means of a large lens and a mirror, the con- 
densed light of the sun on the surface of the object, pre- 
sented to the object glass of the microscope. M. Mumen- 
thaler, a Swiss optician, proposed a different expedient. 
But solar microscopes are still attended with another in- 
convenience : as the objects are very near the focus of the 
first lens, they are subjected to a heat which soon destroys 
or disfigures them. Dr. Hill, who made great use of this 
microscope, proposed therefore to employ several lamps^ 
the light of which united into one focus is exceedingly 
bright and free from the above inconvenience ; but we da 
not know whether he ever carried this idea into practice^ 
and with what success. 

PROBLEM LIII. 

Of Colours f and the different Refrangibility of Light. 

One of the noblest discoveries of the 17th century^ itf 
that made by the celebrated Newton, in 1666, respecting* 
the composition of light, and the cause of colours. Who 
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(fig. 47 pi. 13), be admitted into à darkened room, so aà 
to fall on a prism placed horizontally, with a piece of white 
paper behind it, and if the prism be turned in such a 
manner, that the image seems to stop ; instead of an image 
of the sun nearly round, you will observe a long perpen^ 
dicular band, consisting of seven colours, in this invariable 
order, red, orange, yellow, green, blue, indigo, violet. 
When the angle of the prism is turned downwards, the 
red will be at the bottom, and vice versa ; but the order 
will be always the same. 

From this, and various other experiments of a similaf 
kind, Newton concludes, 

1st, That the light of the sun contains these 7 primitive 
colours. 

2d. That these colours are formed by the rays ex- 
periencing different refractions; and the red, in particular, 
is that which is the least broken or refracted ; the next is 
the orange, &c ; in the last place, that the violet is that 
which, under the same inclination, suffers the greatest re- 
fraction. The truth of these consequences cannot be 
denied by those who are in the least acquainted with geo- 
metry. 

But the nicest experiment is that by which Newton 
proved, that these differently coloured rays are afterwards 
unalterable. To make this experiment in a proper man- 
ner, it will be necessary to proceed as follows : 

In the first place, the hole in the window shutter of the 
darkened room must be reduced to the diametef of a line 
at most; and the light every where else must be carefully 
excluded. When this is done, receive the solar rays on a 
large lens, of 7 or 8 feet focus, placed at the distance of 
15 feet from the hole, and a little beyond the lens place a 
prism, in such a manner, that the stream of light may fall 
upon it. Then hold a piece of white card at such a distance 
that the image of the sua would.be painted upon it with- 
out the interposition o£ the prism, andyou will see paiilted' 
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on the card, Jnstead of a round ioiage, a Tery narrov^ 
coloured band, containing the seveo primitive colours. 

Then pierce a hole in the card, about a line in diameter, 
and suffer any one of the colours to pass through it, taking 
care that it shall do so in the middle of the space which it 
occupies, and receive it on a second card placed behind the 
former. If intercepted by another prism, it will be found 
that it no longer produces a lengthened, but a round 
image, and all of the same colour. Besides, if you hold.in 
that colour any object whatever, it will be tinged by it ; 
and if you look at the object with a third prism, it will be 
seen pf no other colour but that in which it is immersed, 
and without any elongation, as when it is immersed in light 
susceptible of decomposition. 

This experiment, which is now easy to those tolerably 
well versed in philosophy, proves the third of the principal 
(acts advanced by Newton. 

3d. That when a colour is freed from the mixture of 
others, it is unalten^le ; that a red ray, whatever r<^raction 
it may be made to experience, will always remain red, 
and so of the rest. 

It does no great honour to the French philosophers of 
the l7th century to have disputed, and even declared false, 
this assertion of the English philosopher, especially on no 
better foundation than an experiment so badly performed, 
and so incomplete as that of Mariette. We even cannot 
help accusing that philosopher, who in other respects de* 
serves great praise, of too much precipitation ; for his ex« 
périment was not the same as that described by Newton in 
the Phihsophical Transactions^ for 1666; and it may be 
readily seen that, if performed according to MariottePa 
manner, it is ioipossible it should succeed. 

However, it is at present certain, notwithstanding the 
remonstrances of Father Castel and the Sieur Gantier*^ 

• The Siear Gautier» who pnitewkd to be'Uie iaventor of the meUiod of 
ougrairiog io coloun, o pj poes d with ffMH Tielenofl^ ia the jrear VliK^ the* 
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that there are in nature seven primitive, homogeneous 
colours^ unequally refrangible, unalterable, and which are 
the cause of the different colours of bodies; that white 
contains them all, and that all of them together compose 
white ; that what makes a body be of one colour rather 
than another, is the configuration of its minute parts', 
which causes it to reflect in greater number the rays of 
that particular colour ; and in the last place that black is 
the privation of all reflection; but this is understood of 
perfect black, for the material and common black is only 
an exceedingly dark blue. 

Some people, such as Father Castel, have admitted only 
three primitive colours, viz red, yellow and blue, because 
red and yellow form orange i yellow and blue green, and 
blue and red violet or indigo, according as the former or 
the latter predominates. But this is another error. It ii 
very true that with two rays, one yellow and the other 
blue, green can be formed ; and this holds good also in 
regard to material colours, but the green of the coloured 
image of the prism is totally diflèrent : it is primitive, and 
stands the same proof as red, yellow or blue, without being 
decomposed. The case is the same with orange, indigo^ 
and violet. 

PROBLEM LIV. 

Of the Rainbow ; how formed; method of making an arti^ 
ficial one. 

Of all the phenomena of nature, none has excited more 
the admiration of mankind, in all ages, than the rainbow; 
but there is none perhaps at present which philosophy can 
explain in a more satisfactory manner. 

tbeory of Newton, both in regard to colours and to the system of the uni- 
▼erse. His reasoning and experiments, however, are as conclusive as ez« 
periments made with a foulty air^ipomp would be against the gravity of tli« 
«tmospbere. For this reason,, he never had any partisans but a few of hi» 
own countrymen, one of whom was a poet, who had found out that object^ 
are not painted on the retina hi an Inverted position. 
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The rainbow is formed by the solar rays being decoott» 
posed into their principal colours, in the small drops of 
rain, by means of two refractions, which they experience 
in entering them and issuing from them. In the interior 
rainbow, which often appears alone, the solar ray enters at 
the upper part of the drop, is reflected against the bottom, 
and issues at the lower side. This decomposition may be 
seen fig. 48. In the exterior rsdnbow, the rays enter at the 
bottom of the drop, experience two reflections, and issue 
at the upper part. Their progress and decomposition, 
which produces colours in an order contrary to the former, 
are represented fig. 49. Hence the colours of the exterior 
rainbow appear to be inverted, in regard to those of the 
first. 

The manner in which the eye perceives this double series 
^f colours is seen fig. 50. 

But the explanation would be incomplete if we did not 
show that there is a certain determinate inclination, under 
which the red rays issue parallel, and as close to each other 
as possible, while all the rest are divergent ; that there is 
another under which the green rays issue in this manner ; 
and so of the rest. It is by this alone that they can pro* 
duce an eflect on a distant eye. 

This explanation of the rainbow is confirmed by a sim« 
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Then raise the globe, in regard to your eye, to 54 de- 
grees, or continue to approach it till it be elevated at that 
-angle, and you will meet with the coloured rays issuing 
from the top of it ; first the violet, and then the blue, 
green and red, in an order altogether contrary to the pre- 
ceding. If you cover, in the first case, the upper part of 
the globe, and in the- second the lower part, no colours 
will be produced ; which is a proof of the manner in which 
they enter it, and issue from it. 

The spectacle of an artificial rainbow may be easily ob- 
tained ; it is seen in the vapour of a jet of water, when the 
wind disperses it in minute drops. For this purpose, place 
yourself in a line between the jet of water and the sun, 
with your back turned towards the latter. If the sun be 
at a moderate elevation above the horizon, by advancing 
towards the jet of water or receding from it, you will soon 
find a point from which a rainbow will be seen in the 
drops that fall down in fine light^rain. 

If there be not a jet of water in the neighbourhood, you 
may make one at a very small expence. Nothing will be 
necessary but to fill your mouth with water, and having 
turned your back to the sun when at a moderate elevation^ 
to spurt the >vater into the air as high as possible, and in a 
direction somewhat oblique to the horizon. The imita- 
tion of this phenomenon may be greatly facilitated by em- 
ploying a syringe, which will scatter the water in very 
small drops. 

If you are desirous of performing the experiment in a 
manner still easier, fill a very transparent cylindric glass 
bottle with water, and place it on a table in an upright 
position ; place a lighted candle at the same height, and 
at the distance from it of 10 or 12 feet, and then walk in 
a transversal direction between the light and the bottle, 
keeping your eye at the same elevation. When you have 
reached a certain point, you will see bundles of coloured 
rays issuing from one of the sides of the bottle, in the fol- 
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lowing order: viofet, blue, yellow, red; and if you con- 
tinue to walk transversely, you will meet with a second 
series, in a contrary order, viz, red, yellow, blue and 
violet, proceeding from the other side of the bottle. This 
is exactly what takes place in regard to the drops of rain ; 
and to imitate the phenomenon completely, seven similar 
bottles might be arranged in such a manner) that the eye 
being placed in the proper point, one of the seven côloufs 
should be seen in each; and seven others might be arranged 
at some distance, so as to exhibit the same colours in an 
invepted order. 

Two rainbows would still be produced, even if die ëoitfr 
rays were not diflerently refrangible ; but they would be 
destitute of colour, and would consist only of two circolàr 
bands of white or yellowish light. 

The rainbow always forms a portion of a circle around 
the line drawn from the sun and passing through the efe 
of the spectator ; for this reason, when the sun is elevMsd 
above the horison, the rainbow is less than a semicircle; 
but when the sun is in the borison, it is equal to a seniN 
circle. 

A rainbow however has been seen larger than a seitii. 
circle, and which intersected the common rainbow ; but 
this phenomenon was produced by the image of the siin 
reflected from the calm, smooth surface of a river. The 
image of the sun, in this case, produced the same e£Rsct as 
if that luminary had been below the horizon. 

Dr. Halley has calculated, from the tatio of tèe dfiSREntent 
refrangibilities of the sun*s rays, that the semi-diameter of 
the interior rainbow, taken in the middle of its extent, 
ought to be 41* 10'; and that its breadth, which would be 
only 1^ 45' if the sun were a point, ougl^ to be S* 16' en 
account of the apparent diameter of that luminary. This 
apparent diameter is the cause why the colours are net 
separated from each other with the same disdnctaeaB as 
they would be, if the sun werea luminousfrakit : l^ridinii 
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of the exterior rainbow, taken in the same manner, that is 
to say in the middle of its extent, is 52** 30'. 

This geometrician and astronomer not only calculated 
the dimensions of that rainbow which actually appears to 
us in the heavens, but of those also which would be pro- 
duced if the light of the sun did not issue from the drop of 
water till after 3, 4, 5, &c, reflections; whereas, in the 
principal and interior rainbow, it issues after one, and in 
the second or exterior one, after two. By these calcula- 
tions it is found that the semi-diameter of the third rain- 
bow, counted from the place of the sun, would be 41*; that 
of the fourth, 4S* 50' ; &c. But geometry here goes much 
/arther than nature : for besides the continued weakness 
of the rays, which would render these rainbows scarcely 
perceptible, being towards the sun, they would be lost 
amidst the splendour of that luminary» If the drops which 
form the rainbow, instead of being water, were glass, the 
mean semi-diameter of the interior rainbow would be 
22'* 52', and that of tbe exterior 9* 30', towards the side 
opposite to the sun. 

PROBLEM LV. 

Analogy between Colours and the Tones of Musk. Of the 
Ocular Harpsichord of Father CasteL 

As soon as it had been observed that there were seven 
primitive colours in nature, there was some reason to con- 
ceive that there might be an analogy between these colours 
and the tones of music ; for tbe latter form a series of seven 
in the whole extent of the octave. This observation did 
not escape Newton, who remarked also tbat, in the colour- 
ed spectrum, the spaces occupied by the violet, indigo, 
blue, 8cc, correspond to the divisions of the monochord, 
which gives the sounds r^, wiyfa^ sol, la, si, ut, re. 

Newton on this subject proceeded no farther. But 
Father Castel, whose visionary scheme is well known, en- 
brged this idea; and on the above analogy of noonds 
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founded a system, iu consequence of which he promised 
to the eyes, but unfortunately without success, a new plea- 
sure similar to that which the ears experience from a 
concert. 

Father Castel, for reasons of analogy, first changes the 
order of the colours into the following, viz, blue, grcen^ 
yellow, orange, red, violet, indigo, and in the last place 
blue, which forms as it were the octave of the first. These» 
according to his system, are the colours which correspond 
to the diatonic octave of our modern music, u/, re, mi,fa^ 
sol, la, si, uL The fiats and the sharps gave him no ern^ 
barrassment; and the chromatic octave divided into its 
twelve colours, was blue, sea-green, olive-green, yellow, 
apricot, orange, red, crimson, violet, agate, indigo, blue,' 
which corresponded to ut, tU^, re, re*, mi, fa, fc^, sol, 
sofl^, la, loF, si, u/. 

Now if a liarpsichord be constructed in such a manner, 
says Father Castel, that on striking the key ut, instead of 
hearing a sound, a blue band shall appear ; that on strik- 
ing re, a green one shall be seen, and so on, you will have 
the required instrument ; provided that for the first octave 
of ut a difierent blue be employed. But what are we to 
understand by a blue an octave to another ? We do not 
find that Father Castel ever explained.himself on this sub- 
ject in a manner sufficiently clear. He only says that as 
there are reckoned to be twelve octaves appreciable by 
the ear, from the lowest sound to the most acute, there are 
in like manner twelve octaves of colours, from the darkest 
blue, to the lightest ; which gives us reason to believe that 
since the darkest blue is that which ought to represent the 
lowest key, the blue corresponding to the octave must be 
formed of eleven parts of pure blue, and one of white ; 
that the lightest must be formed of one part of blue and 
eleven parts of white, and so of the rest. 

However, Father Castel did not despair of producing by 
these means aa ocular music^ as interesting to the eyes as 
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the common music is to well organised ears ; smd he even 
thought that a piece of music might be translated into 
colours for the use of the deaf and dumb. ** You may 
conceive,'* says he, ** what spectacle will be exhibited by 
a room covered with rigadoons and minuets, sarabands and 
passcailles, sonatas and cantatas, and if you choose with the 
complete representation of an opera? Have your colours 
well diapasoned, and arrange them on a piece of canvas 
according to the exact series, combination and mixture of 
the tones, the parts and concords of the piece of music 
which you are desirous to paint, observing all the different 
values of the notes, minims, crotchets, quavers, syncopes, 
rests, &c; and disposing all the parts according to the 
order of counter-point. It may be readily seen that this 
is not impossible, nor even diflScult, to any person who has 
studied the elements of painting, and at any rate that a 
piece of tapestry of this kind would be equal to those 
where the colours are applied as it were at hazard in the 
same manner as they are in marble. 
■^ '* Such a harpsichord," continues he, ** would be an ex- 
cellent school for painters, who might find in it all the 
secrets and combinations of the colours, and of that which 
is called claro-obscuro. But even our harmonical tapest'ry 
would be attended with its advantages ; for one might con- 
template there at leisure what hitherto could be heard only 
in passing with rapidity, so as to leave little time for re- 
flection. And what pleasure to behold the colours in a 
disposition truly harmonical, and in that infinite variety of 
combinations which harmony furnishes! The design alone 
of a painting excites pleasure. There is certainly a design 
in a piece of music ; but it is not so sensible when the piece 
is played with rapidity. Here the eye will contemplate it 
at leisure ; it will see the concert, the contrast of all the 
parts, the effect of the one in opposition to the other, the 
fugues, imitations, expression, concatenation of the ca^ 
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dences, and progress of the modulation. And can it be 
believed that those pathetic passages, those grand traits of 
harmony, those unexpected changes of tone, that always 
cause suspension, languor, emotions, and a thousand un- 
expected changes in the soul which abandons itself to tbeniy 
will lose any of their energy in passing from the ears to the 
eyes, &c ? It will be curious to see the deaf applaudhigtfae 
same passages, as the blind, &c. Green, which corre- 
sponds to rey will no doubt show that the tone re is roral, 
agreeable and pastoral; red, which corresponds to 9olf 
will excite the idea of a warlike and terrific tone ; blnOy 
which corresponds to uty of a noble, majestic and celestial 
tone ; &c. It is singular that the colours should have the 
proper characters ascribed by the ancients to the exact 
tones which correspond to them, but a great deal might 
be said, &c. 

'' Â spectacle might be exhibited of all forms human 
and angelical, animals, birds, reptiles, fisheS| quadrupèdes, 
and even geometric figures. By a ample game the whole 
series of Euclid^s Elements might be demonstrated/* Fa- 
ther Castel's imagination seems here to conduct him in the 
, straight road to Bedlam* 

These passages of Father Castel are so singular, that 
could not help quoting tbem; but unfortunately all 
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PBOBLEM LVI. 

To compose a Table representing all the Colours; and to da'- 
termine their number» 

Though Newton has proved the homogeneity of the 
colours into which the solar rays are decomposed, and the 
orange, green and purple produced by this decomposition 
are no less unalterable, by farther refraction, than the red, 
yellow and blue, it is however well known that with the 
three latter, the three former, and all the other colours of 
nature, can be imitated : for red combined with yellow, in 
di£Ferent proportions, gives all the shades of orange; yellow 
and blue produce pure greens; red and blue violets, pur- 
ples and indigoes ; in short, the different combinations of 
these compound colours, give birth to all the rest. On 
these principles is founded the invention of the chromatic 
triangle, which serves to represent them. 

Construct an equilateral triangle, as seen Plate xv 
fig. 51, and divide tne two sides adjacent to the vertical 
angle into 13 equal parts: if parallel lines be then drawn 
through the points of division, in each side, they will form 
91 equal rhombuses. 

In the three angular rhombs place the three primitive 
colours, red, yellow, and blue, having an equal degree of 
strength, and as we may say of concentration; conse- 
quently, between the yellow and blue, there will be left 1 1 
rhomboidal cells, which must be filled up in the following 
manner: in that nearest the yellow put 11 parts of yellow 
and 1 of red ; in the next, 10 parts of yellow and 2 of red, 
&c ; so that in the cell nearest the red there will be 1 part 
of yellow and 1 1 of red : by these means we shall have all 
the shades of orange, from the one nearest red to that near- 
est yellow. By filling up, in like manner, the intermedi- 
ate cells, between red and blue, and between blue and 
yellow, the result will jbe all the shades of purple, and 
all those of green, in a siinilar grsjdation. 
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To fill up the other cells, let us take for example those 
of the third row below red, where there are three celb. 
The two extreme cells being filled up on the one side with 
a combination of 10 parts of red and 2 of yellow, and on 
the other with a combination of 10 parts of red and 2 of 
blue, the middle cell will be composed of 10 parts of red, 
lof blue and 1 of yellow. 

' In the band immediately below, we shall have, for the 
same reason, in the first cell towards the yellow, 9 parts 
of red and S of yellow ; in the next, 9 parts of red, 2 of 
yellow and 1 of blue ; in the third, 9 parts of red, 1 of 
yellow and 2 of bine; in the fourth, 9 parts of red^ and 3 
of blue : and the case will be similar in regard to the lower 
bands j but we shall here content ourselves with detailing 
the colours in the last except one, or that above the band 
containing the greens, the cells of which tnust be filled up 
as follows : In 

The 1st on the left, 1 1 parts yellow and 1 of red. 
The 2d, 10 parts yellow, 1 red, 1 blue. 
The 3d, 9 parts yellow, 1 red, 2 blue. 
The 4th, 8 parts yellow, 1 red, 3 blue. 
The 5th, 7 parts yellow, 1 red, 4 blue. 
The 6th, 6 parts yellow, 1 red, 5 blue. 
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'. In the central cell of the triangle there are 4 parts of 
red, 4 of blue, and 4 of yellow. 

All these mixtures might be easily made with colours 
ground exceedingly fine ; and if the proper quantities were 
employed we have no doubt that they would produce all 
the shades of the different colours. But if all the colours 
of nature, from the lightest to the darkest, that is from 
black to white, be required, we shall find for each cell 12 
degrees of gradation to white, and 12 others to black. If 
91 therefore be multiplied by 24, we shall have 2184 per- 
ceptible colours; to which if we add 24 grays, formed by 
die combination of pure black and white, and white and 
black, the number of compound colours, which we believe 
to be distinguishable by the senses, will amount to 2218. 
But we ought not perhaps to consider as real colours those 
formed by the pure colours with black ; for black only ob- 
scures, but does not colour. In this case the real colours 
with their shades, from the darkest to the lightest, ought 
to be reduced to 1092, which with white, a black, and 12 
grays, will form 1106 colours. 

PROBLEM LVII. 

On the Cause of the Bhie Colour of the Sky. 

This is a very remarkable phenomenon, though little at- 
tention is paid to it, as our eyes are so much accustomed 
to it from our infancy ; and it would be difficult to explain 
it had not Newton's theory respecting light, by teaching 
us that it is decomposed into seven colours of diâerent de» 
grées of refrangibility» and reflexibility, afforded us the 
means of discovering the cause. 

To explain this phenomenon, we shall observe then, 
that according to Newton's theory, so well proved by ex- 
iperience, of the seven colours which the solar Ught pro- 
duces when decomposed by the prism, the blue indigo, and 
violet, are those easiest reflected, when they meet with a 
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medittm of t different density. But whatever may be die 
transparency of the air, that which surrounds our earthy 
and which constitutes our atmosphere, contains always a 
mixture of vapours more or less combined with it : hence 
it happens that the light of the sun ainl stars, sent back 
in a bundr|rd different ways into the atmosphere, must ex* 
perience in it numberless inflections and reflections. But 
as the blue, indigo and violet rays are those chiefly sent 
back to us, at each of these reflections, from the minute 
particles of the vapours which they are obliged to pass 
through, it is necessary that the medium which tends then 
back should appear to assume a blue tint. Tins must even 
be the case if we suppose a perfect homogeneity in the 
atmosphere: for however homogeneous a transparent 
medium may be, it necessarily reflects a part of the rays 
of light which pass through it. But of all these rays, the 
blue are reflected with the greatest facility ; consequently 
the air, even supposing it homogeneous, would assume a 
blue, or perhaps a violet colour. 

It is for the same reason that the water of the sea ap« 
pears of a blue colour when very pure, as is the case at a 
distance from the coasts. When illuminated by the sun a 
part of the rays enters the water, and another part ia ro- 
fleeted ; but the latter is composed chiefly of blue rays^ 
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penetrates to a greater depth, it must be more and more 
deprived of the blue rays, and consequently the remainder 
must incline to red. 

PROBLEM LVIII. 

Why the Shadows of bodies are sometimes Bltie, or Azure 
coloured f instead of being Black. 

It is often observed at sun-rise^ during very serene 
mornings, that the shadows of bodies projected on a white 
ground, at a small distance, are blue or azure coloured. 
This phenomenon appears to us to be sufficiently curious 
to deserve here a place, as well as an explanation. 

If the shadow of a body exposed to the sun were abso-> 
lute, it would be perfectly black, since it would be a com- 
plete privation of light ; but this does not really take place: 
for to be so, the field of the heavens ought to be absolutely 
blaclr; whereas it is blue, or azure coloured, and it is so 
only because it sends back to us chiefly blue rays, as already 
observed. 

The shadow therefore projected by bodies exposed to 
the sun, is not a pure shadow, but is itself illuminated by 
that whole part of the sky not occupied by the luminous 
body. This part of the heaven being blue, the shadow is 
softened by the blue or azure coloured rays, and conse- 
quently must appear of that colour. It is exactly in the 
same manner that in painting, reflections are tinted with 
the colour of the surrounding bodies. The shadow which 
we here examine, is nothing else than a shadow mixed with 
the reflection of a blue body, and therefore it must par- 
ticipate in that colour. 

It is well known that this phenomenon was first observed 
«nd explained by BufFon. 

But it may here be asked, why are not all shadows blue? 
In reply to this question, we shall observe, that to produce 
tins effect, the concurrence of several circumstances are 
necessary: 1st, a very pure sky, and of a very dark blue 
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colour; for if the heavens be interspersed with light 
clouds, the rays reflected from them, falling on the blueish 
shadow, will destroy its effect ; if the blue be weak, as is 
often the case, the quantity of the blue rays will not be 
sufficient to enlighten the shadow. 2d, The light of the 
sun must be livelier than it usually is when that luminary 
is near the horizon, in order that the shadows may be full 
and strong. But these circumstances are rarely united. 
Besides, the sun must be only at a small elevation above 
the horizon ; for even when at a moderate altitude there 
is too much splendour in the atmosphere, to allow the blue 
rays to be sensible. This light renders the shadow less 
strong, but does not tinge it blue. 

PROBLEM LIX. 

Experiment on Colours. 

Hold before your eyes two glasses of different colours, 
the one blue suppose, and the other red; and having 
placed yourself at a proper distance from a candle, if you 
shut one of your eyes, and look at the light with the other, 
that for example before which the blue glass is held, the 
light will appear blue. If you next shut this eye and open 
the other, the flame will appear red ; and if you then open 
them both, you will see it of a bright violet colour. 
. Every person almost, in our opinion, must have foreseen 
the success of this experiment ; which we have mentioned, 
merely because an oculist of Lyons, M. Janin, thought hè 
could deduce from it a particular consequence ; which is, 
that the retina may perform the part of a concave mirror, 
and reflect the rays of light, so that each eye forms at à 
certain distance an aerial image of the object. Both eyes 
forming each an image afterwards in the same place, the 
result is a double image, one bine and the other red, which 
by their union produce a violet image, in the same manner 
as when red and blue rays are mixed together. But this 
explanation will certainly not bear to be examined ac« 
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cording to the true principles of optics. How is it possible 
to conceive that such an image can be formedby the retina? 
Is it not more probable, and more agreeable to the well 
known phenomena of vision, that from the two impressions 
received by the two eyes, there is produced in the common 
sensoriumj or in the place where the optic nerves are 
united in the brain, one compound impression ï In. this 
experiment therefore the same thing must take place, as 
when a person looks at a candle with one eye, through 
two glasses, the one red and the other blue. In this case 
the flame will be seen of a violet colour, and consequently 
it must have the same appearance in the former. 

PROBLEM LX. 

Method of constructing a Photophorus, very convenient to 
iUumihate a table where a person is readvig or writing. 
Construct a cone of tin-plate, 4^ inches in diameter at 
the base, and 7|- inches in height, measured on the- slant 
side ; which may be easily done by cutting from a circle, 
of 7|- inches radius, a sector of 109-|^ degrees, and bending 
it into the form of a cone. Then through a point in the 
axis, 2f inches distant from the summit, cut ofiP the upper 
part of the cone by a plane inclined to one of its sides at 
an angle of 45^ The result will be an elongated elliptical 
section, which must be placed before a caudle or other 
light, as near to it as possible, the plane of the section 
being vertical, and the greatest diameter in a perpendicular 
direction. When disposed in this manner^ if the flame of 
the candle or lamp be raised 12 or 13 inches above the 
plane of the table, you will be astonished to see the vivacity 
and uniformity of the light which it will project over an 
extent of 4 or 5 feet in length. 

M. Lambert, the inventor of this apparatus, observes 
that it may be used with great advantage to give light to 
those who read in bed ; for by placing a lamp or taper 
furnished with this photophorus upon a pretty high stand^ 
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•t tbe distance of 5, 6, or S feet, from tbe bod| it will 
afibrd a sufficiency of light without any danger. He saj^ 
he tried this apparatus also in tbe street, by placing a 
lamp furnished with it in a window raised 15 feet above 
the pavement, and that its effect was so great, that at the 
distance of €0 feet, a bit of straw could be distingmsbed 
much better than by moon-light, and that writing couU be 
read at th^ distance of 3^ or 40 feet. A few of these 
machines, placed on each side c^ a street, and arranged in 
a diagonal form, would consequently light it much better 
than any of the means hitherto employed. See Mémoires 
de P Académie de BerUn^ amu 1710. 

PROBLEM LXI. 

The place of an o^'ect, such for example as of a piece of 
paper on a toile, being given; and that of a candle destined 
to throw light upon it; to determine the height at which 
the candle must be placed^ in order that the object may be 
illuminated the most possible. 

That we may exclude from this problem several con- 
nderations, which would render the solution of it very 
difficult, we shall suppose the object destined to be ittif- 
minated to be very small, or that it is only required that 
the middle of it shall be illuminated as much as possible. 
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perpefïidtofilar^ whidh Will render this ratio the greatest 
possible. 

Beit it will be found that this ratio is greatest when the 
perpendicular height^ and the distance of the object to be 
illuminated from the bottom of the candle, are to each 
Other as the side of a square is to the diagonal. On this 
given and invariable distance as hypothenuse, if a right- 
angled isosceles triangle be therefore described, the side 
of this triangle will be the height at which, if the flame of 
the candle be placed, the given point or centre of the 
paper will be illuminated in the highest degree possible. 

On this subject, the following problem, which is of a 
similar nature, might also be proposed: 

Tkvo candles of unequal height , placed at the extremities 
if a horizontal line, being given ; to find in that Une a point 
so situated, that the object placed in it shaU be iHumrnated 
the most possible ?- 

But we shall not give the solution, that our readers may 
exercise their own ingenuity in discovering it. 

PROBLEM LXII. 

On the Proportion which the Light of the Moon bears to 
that of the Sun. 

This is a very curious problem: but it was only within 
these Tew years that philosophers began to torn their at- 
tention to the principles, and means, which can lead to 
the solution of it. We are indebted for them to M. 
Bouguer, who has explained th^n in his Treatise on the 
Gradation of Light; a work that contains many curious 
|Mirticulars, a few of which we shall here extract. 

To obtain this measure of the intensity of light, M. 
Bouguer sets out with a fact, founded on expérience^ 
"which is, that the eye judges pretty exactly by habit, 
whether two similar and equal surfaces are equally illu- 
minated. Nothing then is necessary, but to place at un^ 
equal distances two unequal lights, or by means of concave 
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glasses, the. focal distances of which are unequal, to make 
them be unequally dilated, so that the surfaces which are 
illuminated by them shall appear to be so in an equal 
degree. The rest depends merely on calculation : for if 
two lights, one of which is four times nearer thaa the 
other, illuminate equally two similar surfaces, it is evident 
that, as the degrees of the illumination of the same light 
decrease in the inverse ratio of the squares of the distances^ 
we ought to conclude that the splendour of the first light 
is sixteen times as great as that of the second. In like 
manner, if a light dilated into a circular space, doubly in 
diameter, illuminates as much as another direct light, there 
is reason to conclude that the former is quadruple the 
second. 

By employing these means, M. Bouguer found that the 
light of the sun diminished 11664 times was equal to that 
of a flambeau, which illuminates a surface at the distance 
of 16 inches; and that the same flambeau illuminating a 
similar surface, at the distance of 50 feet, gave it the same 
light as that of the moon, when diminished 64 times. By 
compounding these two ratios he concludes, that the light 
of the sun is to that of the moon, at their mean distances 
and at the same altitude, as 256289 to 1 ; that is to say 
more than 250 thousand times greater. From some other 
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or 1400 times less, the heat thence resulting will be 1200 
or 1400 times greater ; but, on account of the dispersion 
of the rays, it will be sufficient to suppose this light to be. 
a thousand times denser than the direct light, and the heat 
in proportion. A mirror of this kind then, by collecting 
the lunar rays, would produce in its focus a heat 1000 
times' greater than that of the moon. If SOOOOO there* 
fore be divided by 1000, we shall haye for quotient SOO^ 
which expresses the ratio of the direct solar heat to that of 
the moon thus condensed. But a heat 300 times less than 
the direct heat of the sun is not capable of producing any 
effect on the liquor in the thermometer. This fact then 
is far from being inexplicable, as we are told by the author 
of the History of the Progress of the human Mind in 
PhUosophy*, for it is a necessary consequence of Bouguer's 
calculations, which this writer no doubt overlooked. 

We shall, in the last place, observe, that Bouguer found» 
by a mean calculation, that the splendour of the sun, when 
en the horizon, supposing the sky to be free from clouds 
or fog, is about 2000 times less than when elevated 66\ 
Ilie case ought to be the same also with the light of tb« 
moon. X 

PKOBLEM LXIII. 

Of certain Optical Illusions. 
I. If you take a seal with a cypher engraved on it, and 
view it through a convex glass of an inch or more focal 
distance, the cypher or engraving will be seen sunk in the 
stone as it really is ; but if you continue to look at it» 
without changing your situation, you will soon see it in 
relief; and by still continuing to look at it, you will see it 
once more sunk, and then again in relief. Sometimes, 
after having discontinued to look at it, instead of seeing it 
sunk, it will appear in relief; it will then appear sunk» 

• Saoerign HMirt au Ptogrit dt tStfrU huma» dans hi Seitncm pkfftîpt9t. 
VOL. II. T 
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and so on. When the side oF the light is changed, this 
generally causes a change in the appearance. 
' Some havô taken a good deal of pains to discover the 
cause of this illusion; which in our opinion may be ez« 
plained without much difficulty. When an object is 
yiewed with a lens of a short focal distance, .and conse- 
^ently with one eye, we judge very imperfectly of the 
distance, and the imagination has a great share in that 
assigned to the image which we perceive. On the other 
band, the position of the shadow can never serve to rectify 
the judgtnent formed of it : for if the engraving is hollow, 
and if the light comes from the right, the shadow is on the 
Hght ; it is also on the right if the engraving is in relief, 
and if the light comes from the left. But when an en* 
graved stone is attentively viewed with a magnifying glass, 
we do not pay attention to the side from which the light 
proceeds. Here then every thing, as we may say, is 
ambiguous and uncertain ; consequently it is not surpiis- 
ing that the organ of sight should form an undecisive and 
continually variable judgment; but we are fully persuaded 
that an experienced eye will not fall into these variations. 
The same phenomenon is not observed when the ex- 
periment is performed with a piece of money. The 
reason of this probably is, that we are accustomed to handle 
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iKeck, which is turned downwards. For our part, we are 
of opinion that the cause why some think they see the 
water in this situation, arises from their knowing by ex* 
perience that if a bottle half filled with water be inverted^ 
the fluid will descend into the lower part, or that next the 
neck. 

Another cause concurs to make us judge in this manner. 
When a decanter is half full of very pure water, each half 
is as transparent as the other, and the presence of the 
water is perceived only by the reflection of the light which 
takes place at its surface; but in the inverted image this 
surface reflects the light below, and even with the same 
force ; by which means we are led to conclude that the 
fluid is at the bottom. 

• This subject may be farther exemplified as follows. 
Take a glass bottle ; fill it partly with water, and cork 

it in the usual way: place this bottle opposite a concave 
mirror, and beyond its focus, that it may appear reversed: 
then place yourself still farther distant than the bottle, 
and this will be seen inverted in the air, and the water, 
which is really in the lower part of the bottle, will appear 
to be in the upper. See fig. 52, 58, pi. 17. — If the bottle 
be inverted while it is l)efore the mirror, the image will 
appear in its natural erect position, and the water will 
appear in the lower part of the bottle. While it is in this 
inverted state, uncork the bottle, then while the water is 
running out, the image is filling. But as soon as the botUe 
is empty, the illusion ceases. The illusion also ceases when 
the bottle is quite full. 

* The remarkable circumstances in this experiment are^ 
1st. Not only to see an object where it is not, but also 
where its image is not. 2d. That of two objects which 
are really in the same place, as the surface of the bottle 
and the water it contains, the one is seen in one place, and 
the other in another, &c. — ^It is conceived that this illusion 
arises, p&rtly from our not being accustonled to see water 

t2 
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suspended in a bottle with the neck downward, and partly 
from the resemblance there is between the colour of 
water and the air. 

Additional AmiLsements and Experiments with Concave Mir^ 
rorsj Kc, as described In/ Mr. Adams, Mr. Jones, Xc. 

1. Placing yourself before a concave mirror, but farther 
from it than the centre, you will see an inverted image of 
yourself, but smaller, in the air between you and the 
mirror : holding out your band towards the mirror, the 
hand of the image will come out towards your hand, and 
when at the centre of concavity, be of an equal' size with 
it; and you may as it were sliake hands with this aerial 
image. On advancing your hand farther, the hand of the 
image passes by your band, and comes between it and 
your body : on moving your hand towards one side, the 
hand of the image moves towards the other, the image 
moving always contrariwise to the object. All this while, 
the by-standers see nothing of the image, because none of 
the reflected rays which form it enter their eyes. To 
render this effect more surprizing, and more vivid, the 
mirror is often concealed in a box, after the manner as we 
shall shew presently. In fact, the appearance of the image 
in the air, between the object and the mirror, has been 
productive of many agreeable deceptions, which, when 
exhibited with art and an air of mystery, have been very 
successful, and the source of emolument to many of our 
public showmen. In this manner they have exhibited the 
images of animated and other objects, in such a way» as to 
surprize the ignorant, and please the scientific^ or better 
informed. 

2. Mr. Ferguson mentions two pleasing experiments to 
be made with a concave mirror, which may be cjasily tried. 
If a fire be made in a large room, and a smooth, well- 
polished mahogany table be placed at a good distance near 
the wall, before a large concave mirror^ so that the light 
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of the fire may be reflected from the mirror to its focus oq 
the table ; if you stand by the table, you will see nothing 
but a long beam of light ; but if you stand at some distance, 
as towards the fire, you will see, on the table, an image 
of the fire, large and erect : and if another person, who 
knows nothing of the matter beforehand, should chance 
to enter the room, he will be startled at the appearance, 
for the table will seçm to be on fire, and, being near the 
wainscot, to endanger the whole house. For the better 
deception, there ought to be no light in the room but what 
proceeds from the fire. 

3. If the fire be darkened by a screen, and a large candle 
be placed at the back of the screen ; then a person stand- 
ing by the candle will see the appearance of a fine large 
star, or rather planet, on the table, as large as Jupiter or 
Venus ; and if a small wax taper be placed near the candle, 
it will appear as a satellite to the planet; if the taper be 
moved round the candle, the satellite will be seen to go 
round the planet. 

4. The Simple Camera Ohscura. 

A camera obscura, very useful to painters, artists, 8cc, ' 
may be easily constructed by means of a single lens only. 
When landscapes or distant objects are to be represented, 
a lens from 4 to 12 feet focus may be used, according to 
the size of the room and the picture. But for representing 
smaller figures, models, or pictures, a lens from about 9 
to 1 2 inches focus, and about 2 inches and a half in diameter, 
will be best. It must be fixed in a ball and socket, or, 
simply in the window-shutter of the darkened room. See 
fig. 54, pi. 17. A small temporary wooden frame or stage, 
B, may be attached to the shutter, on which must be 
steadily fixed the figure or picture c, inverted. To suit 
lenses of different foci, the. stage may be conveniently 
from 12 to 24 inches in length. 

A white paper screen, B, being brought by trial to a 
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suitable distance within the darkened room, will receive à 
beautiful representation of the external objects, and from 
which the artist may readily copy, or trace the various 
parts of them. 

By means of a plane reflecting glass mirror, placed 
obliquely, the images may be seilected down on a white 
painted table, or one covered with white paper, within 
the room: but in this case they will not appear bright or 
distinct, owing to the light being somewhat diminished by 
this reflection. 

5. The Dioptrical Paradox ^ or Optical Deception. 

Plate 17, fig. 55, represents the dioptrical paradox. It 
consists of a mahogany base abcb, about 8 inches square, 
with a groove, in which slides various coloured prints, or 
ornamental drawings : and connected with the base are, a 
pillar E, a horizontal bar f, with a perspective g, which is 
placed exactly over the centre of the base, and containing 
a glass of a particular form. The curious and surprizing 
eflect of this instrument is, that an ace of diamonds, in the 
centre of one of the drawings, when placed on the base, 
shall through the perspective o be actually represented as 
the ace of clubs ; a figure of a cat in another, seen as an 

vl ; a letter a, as an o ; and a variety of others egualh 
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one entire figure to be represented ; the shape of the glasji 
preventing any appearance of the original figure in the 
centre, such as the ace of diamonds, being seen : so that 
the ace of clubs being previously and mechanically drawn 
on the circle of retraction, at six different parts of the 
border, 1, 2, 3, 4, 5, 6, fig, 57, and artfully disguised 
thereby blending them with it ; then the glass in the tube 
6 will change, in appearance, the ace of diamonds into 
the ace of clubs. And in like manner for the other prints. 

6. The Optical Paradox. 

Plate 17, fig. 58, is a representation of the double per- 
spective, or optical paradox. One of the perspectives of 
the instrument being placed before the eye, an object will 
be seen directly through both. A board A, or any opake 
object, being interposed, will not make the least obstruction 
to the rays; and the observer will be surpiized that he 
sees through a perspective having the property of penetrat- 
ing as it were either solid metal or wood. 

The artifice in this instrument consists chiefly in four 
small plane mirrors, a, &, c, d^ of which a and d are placed 
at an angle of 45 degrees in the two perspectives, and b 
and c parallel to them in the trunk below; this being so 
formed as to appear only as a solid handle to the two per- 
spectives. It is hence obvious that, on the principle of 
catoptrics, the object t, falling on the first mirror rf, will 
be reflected down to c, thence to 6, then up to a, and so 
out to the eye, giving the appearance of the straight lineal 
direction ad. 

7, The Endless GaUety. 

Fig. 59, pi. 17, represents a box, about 18 inches in 
length, 12 in width, and 9 deep, or any others that are 
nearly in the same proportions. Against each of its oppo- 
site ends A and b within place a plane true-ground glass 
mirror, as freefrom veins as possible, of the dimensions nearly 
equal to the faces, only allowing a small space for a tran&- 
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"parent paper, or other coyer, at top. From the middle of 
the mirror c, placed at b, take off neatly a round surface 
of the silvering, about an inch and half in diameter, 
against which, in the end of the box, must be cut a hole of 
the same size, or less. The top of the box should be of 
flass, covered with gauze, or of oiled transparent paper^ 
to admit as much light as possible into the box. On the 
two longer sides within must be cut or placed two grooves, 
at E and f, to receive various drawings or paintings» 
Indeed many grooves may be cut in the sides, for the re* 
ception of a variety of objects. Two paintings or good 
drawings, of any perspective subject, must be made on 
the two opposite faces of a pasteboard^ as at fig. 60, 61, 
such as a forest, gardens, colonnades, &c : after having 
cut the blank parts neatly out, place them in the two 
grooves, b, f, of the box. Take also two other boards, of 
ttie same dimensions, painted on one side only with similar 
subjects, to be placed at the opposite ends c and n ; ob- 
serving that the one which is to be placed against c should 
have nothing drawn there to prevent the sight, and that 
the other, for the opposite end n, should also not be very 
full of figures, that after being neatly cut out, and plac^ 
against the glass, it may cover but a small part of it« The 
top being then closed over with its transparent cover, the 
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may also be placed on the longer sides, to convey an idea 
of great breadth, as well as length. 

8. ^ The Real Apparition. 

Behind a partition ab, (fig. 62, pi. 18), place somewhat 
inclined a concave mirror ep, which must be at least 10 
inches in diameter, and its distance equal to three-fourths 
from its centre* In the partition is cut a square or circular 
opening, of 7 or 8 inches in diameter, directly opposite 
to the mirror. Behind this a strong light is so disposed 
as to illuminate strongly an object placed at c, without 
shining on the mirror, and without being seen at the open- 
ing. Beneath the aperture, and behind the screen, is 
placed any object at c, which is intended to be represented, 
but in an inverted position, which may be either a flower, 
or figure, or picture, 8cc. Before the partition, and below 
the aperture, place, a flowerpot d, or other pedestal sui^ 
able to the object c, so as the top may be even with the 
bottom of the aperture, and that the eye placed at o may 
see the flower in the same position as if its stalk came out 
qS the pot. The space between the mirror and the back 
part of the partition being painted black, to prevent any 
extraneous light being reflected on the mirror; and indeed 
the whole disposed so as to be as little enlightened as 
possible.— Then a person placed at 6 will perceive the 
flower, or other object, placed behind the partition, as if 
standing in the flowerpot, er pedestal : but on putting forth 
his hand to pluck it, he will find that he grasps only at a 
phantom. 

Fig. 6S, pi. 18, represents a diflerent position of the 
oûrror and partition, and better adapted for exhibiting 
eflfect by various objects, abc is a thin partition of a 
room, down to the floor, with an aperture for a good 
convex lens turned outwards into the room, nearly in a 
horizontal direction, proper for viewing by the eye of a 
person standing upright from the floor or footstool, d is 
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a large concave mirror, supported at a proper angle, to 
reflect upwards through the glass in the partition b^ images 
of objects at e, presented towards the mirror below. A 
strong light from a lamp &c, being directed on the object 
E, and no where else ) then to the eye of a spectator at f, 
in a darkened room, it is truly surprizing and admirable 
to what effect the images are reflected up into the air at o. 

It is from this arrangement that a showman, both in 
London and the country, excited the people to the sur* 
prisse of wonderful apparitions of Tarions kinds of objects, 
such as a relative's features for his own, paintings <^ 
portraits, plaster figures, flowers, fruit, a sword, dagger; 
death's head, &c. 

The phenomena to be produced by concave mirrors are 
endless ; what have been just described will be a suflicient 
«pecimen of what might be exhibited to elucidate the 
principles of that curious machine. 

PROBLEM LXIV. 

Is Ù true that Light is reflected with more Vioadiy from 
Air, than from Water f 

This assertion is certainly true, provided it be under- 
stood in a proper sense, that is as follows : when light 
tends to pass from air into water, under a certain obliquity» 
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«ledium into a denser, as from air into water, the passage 
is always possible ; because the sine of the aogie of re- 
fraction is less th«in that of the angle of incidence, that is 
to say, these sines, in the present case, are in the ratio of 
S to 4. But, on the other hand, when light tends to pass 
obliquely from water into air, the passage under a certain 
degree of obliquity is impossible, because the sine of the 
angle of refraction is always much greater than that of 
the angle of incidence, their sines, in this case, being in 
the ratio of 4 to 3. There is therefore a certain obliquity 
of such a nature, that the sine of the angle of refraction 
would be much greater than the radius; and this will 
always happen when the sine of the angle of incidence is 
greater, however small the excess, than ^ of the radiua, 
which corresponds to an angle of 48'' 36'. But a sine can 
never exceed radius, consequently it is impossible, in, this 
case, that the ray of light should penetrate the new mediuo). 
Thus while light passes from a rare medium into a denser, 
from air into water for example, under every degree of 
inclination, there are some rays, viz, all those which form 
with the refracting substance an angle less than 41^ 24', 
that will not admit of the passage of light from water into 
air : it is then under the necessity of being reflected, and 
refraction is changed into reflection. But though light 
may pass from water into air, under greater angles of in- 
clination, this tendency to be reflected, or this difficulty 
of proceeding from one medium into another, is con- 
tinued at all these angles, in such a manner, that fewer 
rays are reflected when they tend to pass from air into 
water under an angle of 60^, than when they tend to pass 
from water into air under the same angle. In the last 
place, when light tends in a perpendicular direction from 
water into air, it is more reflected than when it tends to 
pass in the same direction from air into water. 

This truth may be proved by a very simple experiment. 
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ing. To express our ideas correctly, we ought to say that 
light is sent back with greater force to the dense medium, 
as the medium beyond it is rarer. 

We are far from being satisfied with what is said on this 
subject in the Dictionnaire d'Industrie^ into which one 
may be surprized to see optical phenomena introduced ; 
for it is there asserted, that this phenomenon depends on 
the impenetrability of matter, and the high polish of the 
reflecting surface. But when light is strongly reflected, 
during its passage from water into a vacuum, or a space 
almost free from air, where is the impenetrability of the 
reflecting substance, since such a space has less impene- 
trability than air or water ? In regard to the polish of the 
reflecting surface, it is the same, both for the ray which 
passes from air into water, and that which pass^ from 
water into air. 

PROBLEM LXV. 

' Account of a Phenomenon, either not observed, or kttherto 
neglected by Philosophers. 

If you hold your finger in a perpendicular direction 
very near your eye, that is to say, at the distance of a few 
inches at most, and look at a candle in such a manner, 
that the edge of your finger shall appear to be very near 
the flame, you will see the border of the flame coloured 
red. If you then move the edge of your finger before 
the flame, so as to suffer only the other border of it to be 
seen, this border will appear tinged with blue, while the 
edge of your finger, will be coloured red^ 

If the same experiment be tried with an opake body 
surrounded by a luminous medium, such for example as 
the upright bar of a sash window, the colours will appear 
in a contrary order. When a thread of light only remains 
between your finger and the bar, the edge of the finger 
will be tinged red, and the edge next the bar will be 
bordered with blue ; but when you bring the edge of your 
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linger near the second edge of the bar, so that it shall be 
entirely concealed, thu second edge will be tinged red^ 
and the edge of the finger would doubtless appear to be 
coloored blue, were it ponible that this dark colour could 
be seen on an obscure and brown ground. 

Thb phenomenon depends no doubt on tbe different 
refirangitHlity of light ; but a proper explanation of it has 
■efer yet b^n gnren. 

PROBLEM LXVI. 

Ofstme other Curitms Phenomena in regard to Colours and 

Vision. 

L \Vhen the window is strongly illuminated by the light 
of the day, look at it steadily and with attention for some 
aunutes, or until your eyes become a little fatigued ; if 
you then shut your eyes, you will see in your eye a repre* 
sentation of the squares which you looked at; but tbe 
place of the bars will be luminous and white, while that of 
the panes will be black and obscure. If you then place 
your hand before your eyes, in such a manner as absolutely 
to intercept the remainder of the light which the eyelids 
sufler to pass, tbe phenomenon will be changed ; for the 
squares will then appear luminous, and the bars black : if 
you remove your hand, the panes will be black again, and 
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reddish : but if you look at a book in the same mamiery 
through red glasses ; when you lay aside the glasses, the 
paper of the book will appear greenish. 

IV. If you look with attention at a bright red spot on 
a white ground, as a red wafer on a piece of white paper, 
you will see, after some time, a blue border around the 
wafer ; if you then turn your eye from the wafer to the 
white paper, you will see a round spot of delicate green, 
inclining to blue, which will continue longer according to 
the time you have looked at the red object, and according 
as its splendour and brightness have been greater. On 
directing your eyes to other objects, this impression will 
gradually become wesJcer, and at length disappear. 

If, instead of ;ei red wafer, you look at a yellow one | on 
turning your eye to the white ground you, will observe a 
blue spot. — Â green wafer on a white ground, viewed in 
the same manner, will produce in the eye a spot of a pale 
purple colour: a blue wafer will produce a spot of a pale 
red. 

In the last place, if a black wafer on a white ground be 
viewed in the same manner, after looking at it for some 
time with attention, you will observe a white border form 
itself around the wafer ; and if you then turn your eye to 
the white ground,you will observe a spot of a brighter white 
than the ground, and well defined. When you look at a 
white spot on a black ground, the case will be reversed. 

In these experiments, red is opposed to green, and pro- 
duces it, as green produces red ; blue and yellow are also 
opposed, and produce each other; and the case is the 
same with black and white, which evidently indicates a 
constant effect depending on the organization of the eye. 

This is what is called the Accidental colours, an object 
first considered by Dr. Jurin, which Buffon afterwards 
extended, and respecting which he transmitted a memoir 
in 1743 to the Royal Academy of Sciences. This cele- 
brated man gave no explanation of these phenomena, and 
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only observed that, though certain in regard to the cor- 
rectness of his experinientSi the consequences did not ap- 
pear to be so well established as to admit of his forming 
an opinion on the production of these colours. There is 
reason however to believe that he would have explained 
the cause, had he not been prevented by other occupations. 
But this deficiency has been supplied by Dr. Godard of 
Montpellier ; for the explanatioiwwhich he has given of 
these phenomena, and several others of the same kind, in 
the Journal de Physique for May and July 1776, seems to 
be perfectly satisfactory. 

PROBLEM LXVII. 

To determine how long the Sensation of Light remains in the 

Eye. 

The following phenomenon, which depends on this dura- 
tion, is well known. If a fiery stick be moved round in a 
circular manner, with a motion sufficiently rapid, you will 
perceive a circle of fire. It is evident that this appear- 
ance arises merely from the vibration impressed on the 
fibres of the retina not being obliterated, when the image 
of the fiery end of the stick again passes over the same 
fibres ; and therefore, though it is probable that there is 
only one point of light on the retina, you every moment 
receive the same sensatipn as if the luminous point left a 
continued trace. 

But it has been found by calculating the velocity of a 
luminous body put in motion, that when it makes its revo- 
lution in more than 8 thirds, the string of fire is interrupt- 
ed ; and hence there is reason to conclude, that the im^ 
pression made on the fibre continues during that interval 
of time. But it may be asked, whether this time is the 
same for every kind of light, whatever be its intensity ? 
We do not think it is ; for a brighter light must excite a 
livelier and more durable impression. 



mCSDBCOPtCAt OBÉERTATIONS. 3S9 

SUPPLEMENT, 

Containing a short J^eount of the Most Curious Micro* 
scopical Observations. 
PHILOSOPHERS were no sooner in possession of the 
microscope, than they began to employ this wonderful in- 
strument in examining the structure x>f bodies, which, in 
consequence of their minuteness, had before eluded their 
observation. There is scarcely an object in nature to 
which the microscope has not been applied ; and several 
have exhibited such a spectacle as no one could have ever 
imagined. What incieed could be more unexpected than 
the animals or nioleculœ (for philosophers are not yet 
agreed in regard to their animality) which are seen swim- 
ming in vinegar, in the infusions of plants, and in the semen 
of animals ? What can be more curious than the mechanism 
in the organs of the greater part of insects, and particu- 
larly those which in general escape our notice ; such as thé 
eyes, trunks, feelers, terebrœ or augres, &(f ? What more 
worthy of admiration than the composition of the blood, 
the elements of which we are enabled to perceive by means 
of the microscope; the texture of the epidermis, the 
structure of the lichen, that of mouldiness, &c? We shall 
here take a view of the principal of these phenomena, and 
give a short account of the most curious observations of 
tins kind. 

Of the 4ninnaU^ or Pretended Aninuds^ in Vinegar^ and 
the infusions offlaants. 
ist. Leave vinegar exposed for some days to the air, 
and then place a drop of it on the transparent object-plate 
of the microscope, whether single or compound : if the 
ohject-plate be illuminated from below, you will observe 
in this drop of liquor, animals resembling small eels, which 
are in continual motion. On account of the circumvolu* 
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tiens wliich tbey make with their long, slender bodies, thejr 
may be justly compared to small serpents. 

But it would be wrong, as many simple people have 
done, to ascribe the acidity of vinegar to the action of these 
animalcules, whether real or supposed, on the tongue and 
the organs of taste ; for vinegar deprived of them is equally 
acid, if not more so. These eels indeed, or serpents, wte 
never seen but in vinegar which, having been for some 
time exposed to the air, is beginning to pass from acidky 
to putrefaction. 

2d. If you infuse pepper, slightly bruised, in pure water 
for some days, and then expose a drop of it to tl^ micro» 
scope, you will behold smaJl animals of another kind, al» 
most without number. They are of a moderately oblong 
elliptical form, and are seen in continual motion, goii^ 
backwards and forwards in all directions; turning asi^c 
when they meet each other, or when their passage is stop* 
ped by any immoveable mass. Some of them are obaervecl 
sometimes to lengthen themselves, in order to pass througb 
a narrow space. Certain authors of a lively imaginatioB» 
it would appear, even pretend to have seen them copii* 
late, and bring fortli i but this assertion we are not bound 
to believe. 

If other vegetable bodies be infused in water, yoo mil 
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efideavour'to escape from death, or that state of uneasiness 
which tliey experience. In general, they a have strong . 
aversion to saiine or acid liquors. If a small quantity of 
vitriolic acid be put into a drop of infusion which swarms • 
with these insects, they immediately throw themselves on 
their backs and expire; sometimes losing their skin, which- 
bursts, and suifers to escape a quantity of small globulet 
that may be often seen through their transparent skin. 
The case is the same if a little urine be thrown into the 
infusion. 

; A question here naturally arises: ought these moveable 
'molecul» to be considered as animals? On this subject 
opinions are divided. Buffon thinks they are not animals ; 
and consigns them, as well as spermatic animals, to the 
clasB of certain bodies which he calls organic nioleculœi 
But what is m^ant by the expression organic moleculœ I 
As this question would require too long discussion, we 
must refer the reader to the Natural History of that learned 
aad celebrated writer. 

Needham also contests the animality of these small 
bodies, that is to say perfect animality, which consists in 
feeding,increasing in size, multiplying, and being endowed 
with spontaneous motion ; but he allows them a sort of ob* 
scure vitality, and from all his observations he Reduces 
consequences on which he has founded a very singular 
systeai. He is of opinion that vegetable matter tends to 
animalise itself. As the eels produced in flour paste act 
a conspicuous part in the system of this naturalist, a cele« 
bratied writer has omitted no opportunity of ridiculing his 
ideas, by calling these animals the eels of the Jesuit Need* 
ham, and representing him as a partisan of spontaneous 
generation, which has been justly exploded by all the 
modern philosophers. But ridicale is not reasoning : we 
are so little acquainted with the boundaries between the 
vegetable and animal kingdoms, that it would be presume 
ipg too much to fix them. @ut it must be allowed tluit 
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Neisdhani*s ideas un tbis siobject are so obacare, Ùmt i» «tf 
opinion few have been able to comprehend theou 

Other naturalists and observers assert the animaKtr of 
these small beings: for they ask, by what can ao ammal 
hé better characterized than sponUndty of mocioo f Bat 
these moleculs, when they meet each other in the coone 
of their movements, retire backwards, not by the eflectof 
« shock as two elastic bodies would do, bat the part which 
is generally foremost turns aside on the approach of the 
body that meets it : and sometimes both move a little from 
their direction, in order to avoid tunning against each 
other* They have never yet indeed been seen for oertain 
to copulate» to produce eggs» or even to feed ; but the bst 
mentioned function they may perform withoat any ap^ 
parent act like the greater part of the other animalrnhes» 
The smallness and strange form of these moiecalib can a& 
ford no argument against their animality» That of the 
water polypes is at present no longer doubted» though 
their form is very extraordinary» and perhapa more ao 
than that of the Utaovfng molcculfle of infusions. Why 
then should animality be refused to the latter? 

It might however be replied, in opposition to this sop» 
posied similarity» that the polype is seen to increase in siae» 
to regenerate itself, in a way indeed very diflerent firom 
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Spermatic animalcules. This singular discovery was first 
made and announced by the celel^rated Lcwenhoek, who 
observed in the human sefnen «t multitude of smuU bodies, 
XQOst of theoa with very long slender tails, and in continual 
motion. In size they were much less than the smaller 
grain of sand, and even so minute ip some seminal liquors 
that a hundred thousand, and.ev^u a million of them were 
not equal to a poppy sQed, By another galculation Lewen^ 
boek has shown, that in the milt of a cod-fish, there ara 
more animals of this species, than huQian beipgs on tbq 
wbole surface of the earth, 

Lewenhoek examined also the prolific liquor of a great 
many animals, both quadrupeds and birds, and that even 
of some insects. In all these he observed nearly the same' 
phenomenon ; and these researches since repeated:by many 
other observers, have givrn rise to a system in regard to 
generation, which it is unnecessary here to explain. 

No one however has made more careful, or more con» 
rect observations on this subject, than Buffon; and for 
this reason we shall give a short view of them* 

This celebrated naturalist, having .procured a consider» 
able quantity of semen, extracted from the seminal vessels 
of a man who had perished by A violent death, observed 
in it, when viewed through an excellent microscope, long'* 
isb filaments, which had a kind of vibratory motion, aqd 
which appeared to contain in the inside small bodies. Tbe 
semen having assumed a little more fluidity, be saw tbeM 
filaments swell up in some points, and oblong elliptioul 
bodies issue from them ; a part of which remained at first 
attached to the filaments by a very slender long tail. 
Spm^ time after, when the semen had acquired a still 
greater degree of fluidity, tbç filaments disappeared, and 
nothing remained in the liquor but those ovai bodififl with 
tails, by the extremity of wbicb they seçmed attaqbed tQ 
the fluid, and on which they balanced tbemaelvea liko « 
pendnlum, haying bow^ver a progra^v^ m«tiQii|.UlQii|ll 
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tbey are placed, be suffered to drj, they lose their bbo- 
tion ; but it may be restored to them at pleasure, evei^ 
some months after their apparent death, by immersing 
them in water. Footana, an Italian naturalist, does not 
hesitate to consider this phenomenon as a real resurrecr 
tion. If this circumstance should be verified by repeated 
observations, and that also of the Peruvian serpent, which 
may be restored to life by plunging it in the mud, its 
natural element, several months after it has been suffered 
to dry at the end of a rope, our ideas respecting animality 
may be strangely changed. But we must confess that v^e 
give very little credit to the latter fact ; though Bouguer, 
who relates it on the authority of Father Gumilla a Jesuit 
and a French Surgeon, does not entirely disbelieve it« 
Some other observers, such as Roflfredi, pretend to have 
distinguished, in these eel-formed molecute, the aperture 
of the mouth ; that of the female parts of sex, 8cc. They 
assert also that they have perceived the motion of the 
young ones contained in the belly of the mother eel» and 
that having opened the body, the young were seen to 
disperse themselves all over the object-plate of the micro- 
scope. These observations deserve to be further exa- 
mined, as a confirmation of them would throw great light 
on animality. ^ 

§IV. 
On the Mtrvevients of the Tremella. 

The tremella is that gelatinous, green plant, which 
forms itself in stagnant water, and which is known to 
naturalists by the name of, conferva gelatinosa omnium 
tenerrima et minima^ aquarum linio innascens. It consists 
of a number of filaments interwoven through each other, 
which when considered- singly are composed of small 
parts, about a line in length, united by articulations* 

This natural production, when viewed with the naked 
eyt, exhibits nothing remarkable or uncommon i but by 
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means of microscopic observations, two very extraordinary 
properties have been discovered in it. One is, the spon- 
taneous motion withVhich these filaments are endowed. 
If a single one sufficiently moistened, be placed on the ob« 
ject-plate of the microscope, its extremities are seen to rise 
and fall alternately, and to move sometimes to the right 
and sometimes to the left : at the same time, it twists itself 
in various directions, and without receiving any external 
impression. Sometimes, instead of appearing extended 
like a straight line, it forms itself into an oval or irregular 
curve. If two of them are placed side by side, they be« 
come twisted and twined together, and by a sort of im- 
perceptible motion, the one froqoi one side, and the other 
from the other. This motion has been estimated by 
Adanson to be about the 400th part of a line, per minute. 
. The other property of this plant is, that it dies and re-p 
vives, as we may say, several times ; for if several fila^ 
ments, qr a mass of tr^meila, be dried, it entirely loses the 
faculty above mentioned. It will remain several months 
in that state of death or sleep ; but when immersed in the 
necessary moisture, it revives, recovers its power of mo^ 
tion, and multiplies as usual. 

The abbé Fontana, a celebrated observer of Parma, does 
not. hesitate, in consequence of these facts, to class the 
.tremella among the number of the Zoophytes; and to 
consider it as the link which connects the vegetable with 
the animal kingdom, or the animal with the vegetable ; in 
a word as an animal or a vegetable endowed with the 
singular property of being able to die and to revive al- 
ternately. But is this a real death, or only a kind of sleep, 
a suspension' of all the faculties in which the life of the 
plant consists ? To answer this question it would be neces-: 
sary to know exactly what is the nature of death ; a great 
deal might be said on this subject, were not such disquisi- 
tions foreign to the present work. 
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on the back of fiiifaes, or like the tiles of a bouse ; that is» 
each covering the other. 

If you are desirous of viewing their form with more coih 
venience, scrape the epidermis with a penknife, and pat 
the dust obtained by these means into a drop of water: 
you will then observe that these scales, in general, have 
five planes, and that eacli consists of several strata. 

Below these scales are the pores of the epidermis, which 
when the former are removed may he distinctly perceived, 
like small holes pierced with an exceedingly fine needle. 
Lewenhoek counted 120 in the length of a line ; so that a 
line square, 10 of which form an inch, would contain 14400 ; 
consequently a square foot would contain 144000000, and 
as the surface of tlie human body itiay be estimated at 14 
square feet, it must contain 2016 millions* 

- Each of these pores corresponds in the skin to an exr 
cretory tube, the edge of which is lined with the epidermis. 
When the epidermis has been detached from the skin^ 
these internal prolongations of the epidermis may be ob- 
served in the same manner as we see in the reverse of a 
piece of paper, pierced with a blunt needle, the rough edge 
formed by the surface, which has been torn and turned 
inwards. 

The pores of the skin are more particularly remarkable 
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péSLT to be organized bodies, like tbe other parts; and, by 
the variety of their texture and conformation, they afFofd 
much subject of agreeable observa-tion. In general, they 
appear to be composed of long, slender, hollow tubes, or 
of several small hairs covered with a common bark ; others^ 
stich as those of tbe Indian deer, are hollow quite through. 
Tbe bristles of a cat*s whiskers, when cut transversely, ex- 
hibit the appearance of a medullary part, which occupies 
the middle^ like the pith in a twig of the elder-tree. Those 
of the hedge-hog contain a real marrow^ which is whitish, 
and formed of radii. 

As yet however we are not perfectly certain irt regard 
to the organization of the human hair. Some observers, 
seeing a white line in the middle, have concluded that it 
is a vessel which conveys the nutritive juice to the extemity. 
Others contest this observation, and maintain that it is 
merely an optical illusion, produced by the convexity of 
the hair. It appears however that some vessel must be 
extended lengthwise in the hair, if it be true that blood has 
been seen to issue at the extremity of the hair cut from 
persons attacked with that disease called theP/ica Polùnica* 
But quere, is this observation certain ? 

§1X. 
Singularities in rq^curà to the Eyes of most Insects. 
' The greater part of insects have not moveable eyes, 
which they can cover with eye-lids at pleasure, like other 
zmimals. These organs, in the former, are absolutely im« 
ipoveable ; and as they are deprived of that useful cover- 
ing assigned toothers for defending them, nature has sup- 
plied this deficiency by forming them of a kind of come- 
eus substance, proper for resisting the shocks to which 
they might be exposed. 

Eut it is not in this that the great singularity of the eyes 
of insects consists. We discover by the microscope that 
these eyes are themselves divided into a prodigious multi- 
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tude of others mucih soialler. If we take a eommoii ftjr, 
for example) and examine its eyes by the microscdpe, we 
shall find that it has on each side of its head a large excre^ 
scenoe» like a Battened hemisphere* This may be perceived 
wHbeut a microscope; but by means of this instrument 
these hemispheric excrescences will be seen divided into a 
great Dumber of rhomboids, having in the middle a len- 
ticttlar convexityi which performs the part of the crystal- 
line humour. Hodierna counted more than 3000 of these 
rhomboids on one of the eyes of a common fiy ; M. Puget 
reckoned SOOO on each eye of another kind of fly, so that 
there are some of these insects which have 16000 eyes; 
and there are some which even have a much greater num« 
ber, for Lewenhoek counted 14000 on each eye of another 
insect* 

These eyes however are not all disposed in the same 
manner: the dragon-fly, for example, besides the two 
hemispherical excrescences on the sides, has between 
these two other eminences, the upper and convex surface 
of which is furnished with a multitude of eyes, directed to*^ 
wards the heavens. The same insect has three also ia 
front, in the form of an obtuse and rounded coi|e« The 
case is the same with the fly, but its eyes are less elevated. 

It is an agreeable spectacle, says Lewenhoek, to consider 
this multitude of eyes in insects ; for if the observer is 
placed in a certain manner, the neighbouring objects ap- 
pear painted on these spherical eminences of a diameter 
exceedingly small, and by means of the microscope they 
are seen multiplied, almost as many times as there are eyes, 
and in «uch a distinct manner as never can be attained to 
by art 

A great many more observations might be made in re» 
gard to the organs of insects, and their wonderful variety 
and conformation, bât these we shall reserve for another 
place* 
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Of the Mites m Cheese , and other Insects of the same kind» 

If you place on the object-plate of the microscope some 
of tiie dust which is formed on the rind and other nciglw 
bouring parts of old cheese, it will be seen to swarm wicb 
a multitude of small transparent animals, of an oval figure^ 
terminating in a point, and ill the form of a snoot. Hiese 
insects are furnished with eight scaly, articulated legs, hf. 
means of which they more themselves heavily along, rolU 
ing from one side to the other ; Iheir head is terminated 
by an ol^tuse body in the form of a truncated cone, where 
the organ through which they feed is apparently situated. 
Their bodies, particularly the lateral parts, are covered 
with several long sharp-pointed hairs, and the anus bor» 
dered with hair, as seen in the lower part of the belly. 

There are mites of another kind which have only six 
legs, and which consequently are of a di&rent species. 

Others are of a vagabond nature, as the observer calb 
them, and are found in all places where there are matten 
proper for their nourishment. 

This animal is extremely vivacious ; for Lewenboek sayv 
that some of them, which he had attached to a pin before 
his microscope, lived in that manner eleven weeks. 

§ XL 
Of the Louse and FUa. 

Sodi diese animals are exceedingly disagreeable, par«^ 
tieularly the latter^ and <|o not seem proper for being tbe 
subject of microscopic observation ; but to the philosopher 
no object in nature is disagreeable, because deformity is 
merely relative, and the most hideous animal often «x« 
bibits angularities, which serve to make us better ae» 
quainted with the infinite variety of &e works of the 
Creator. 

If you make a louse fast for a couple of days, and Ih^ 
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place it on your hand, you will see it soon attach itself to 
it^ and plunge its trunk into the skin. If viewed in this 
state by means of a microscope, you will see, through its 
skin, your blood flowing under the form of a small stream, 
into its ventricle, or the vessel that supplies its place, and 
thence distributing itself to the other parts, which will be- 
come distended by it. 

Tliis animal is one of the most hideous in nature : its 
head is triangular,and terminates in a sharp point, to which 
is united, its proboscis or sucker. On each side of the head^ 
and at a small distance from its anterior point, are placed 
two large antennœ, covered with hair ; and behind these, * 
towards the two other obtuse angles of the triangle, are the 
animaPs two eyes. The head is united by a short neck to 
the corslet, which has six legs furnished with hair at the 
articulations, and with two books each at the extremity. 
The lower part of the belly is almost transparent, and on 
the sides has a kind of tubercles, the last of which are fur- 
nished with two hooks. Dr. Hook, in his Micrographia, 
has given the figure of one of these animals, about half a 
foot in length. Those who see the representation of this 
insect will not be surprised at the itching on the skin, which 
it occasions to persons, who in consequence of dirtiness are 
infested with it. 

The flea has a great resemblance to the shrimp, as its 
back is arched in the same manner as the back of that 
animal. It is covered as it were with a coat of mail, con- 
sisting of large scales laid over each other ; the Knd part 
is round, and very large in regard to the rest of the body ; 
its head is covered by a single scale, and at the extremity 
has a kind of three terebrae, by means of which the insect 
sucks the blood of animals. Six legs, with thighs exceed- 
ingly thick, and of which the first pair are remarkably long, 
enable it to perform all its movements. The great size of 
the thighs is destined, no doubt, to contam the powerful 
muscles which are necessary to carry the insert to a height 
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or distance equal to several hundi'ed times it» length. 
Being destined to make such large leaps, it was also ne- 
cessary that it should be strongly secured against falls to 
which it might be exposed, and nature has made ample 
provision against accidents of this kind, by supplying it • 
with scaly armour. Figures of the flea and louse, highly 
magnified, will be found in the works of Hook and Joblot. 

§XIL 

Mouldiness^ 

Nothing can be more curious than the appearance ex- 
hibited by mouidînéss, when viewed through the micro- 
scope. When seen by the naked eye, one is almost in- 
duced to consider it as an irregular tissue of filaments ; but 
the microscope shows that it is nothing else than a small 
forest of plants, which derive their nourishment from thé 
moist substance, tending towards decomposition, which 
serves them as a base* The stems of these plants may be 
plainly distinguished; and sometimes their buds, some 
shut and others open. Baron de Munchausen has even 
done more : when carefully examining these small plants, 
he observed that they had a great similarity to mushrooms. 
They are nothing, therefore, but microscopic mushrooms, 
the tops of which, when they come to maturity, emit an 
exceedingly fine kind of dust, which is their seed. It is 
well known that mushrooms spring up in the course of one 
night ; but those of which we here speak, being more 
rapid, almost in the inverse ratio of their size, grow up in 
a few hours. Hence the extraordinary progress which 
mouldiness makes in a very short time. 

Another very curious observation of the same kind, made 
by M. Ahlefeld of Giessen, is as follows : Having seen 
some stones covered with a sort of dost, he had the cii« 
riosity to examine it with a microscope, and found to his 
great astonishment, that it consisted of small microscopic 
mushrooms, raised on very short pedicles, the beads of 
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which, round in the middle, were turned XKp at the edges : 
they were striated also from the centre to the drcomfer» 
ence, as certain kinds of mushrooms are. He remarked 
likewise, that they contained, above their upper covering, 
' a multitude of small grains, shaped like cherries, some- 
what flattened ; which in all probability were the seeds. 
In the last place, he observed, in this forest of mushrooms, 
several small red insects, which no doubt fed upon them. 
See Act. Leips. for the year 1739. 

§ XIII. 

Dtist of the lA/coperdofL 

The lycoperdon, or puff-ball, is a plant of the fungus 
kind, which grows in the form of a tubercle, covered with 
small grains like shagreen. If pressed with the foot, it 
bursts, and emits an exceedingly fine kind of dust, which 
flies off under the appearance of smoke ; but commonly a 
pretty large quantity remains in the half opened cavity of 
the^planté If some of this dust be placed on the object- 
plate of the microscope, it appears to consist of perfectly 
round globules, of an orange colour, the diameter of which 
is only about the 50th part of a hair; so that each grain 
of this dust is but the 125000th part of a globule equal in 
diameter to the breadth of a hair. Some 1 y coper dons 
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•f the tulip^ and of most of the lily kind of dowers, has a 
resemblance to the seeds of cucumbers and melons. That 
of the poppy resembles a grain of barleyj with a longi- 
tudinal groove in it. 

But we are taught by observation still more ; for it is 
found that this dust or farina is only a capsule^ which con- 
tains another far more minuté ; and it is the latter which 
is the real fecundating dust of plants. 

§XV. 
Of the Apparent holes in the Leaves of some Plants. 

There are certain plants the leaves of which appear to 
be pierced with a multitude of small holes. Of this kind^ 
in particular, is that called by botanists Aj/pericunif and 
by the vulgar St. John's wort. But if a fragment of one 
of these leaves be viewed through a microscope, the sup- 
posed holes are found to be vesicles, contained in thé 
thickness of the leaf, and covered with an exceedmgly thin 
membrane pn fact, they are the receptacles which contain 
the essential and aromatic oil peculiar to that plant4 

§XVI. 
0/the Down of Plants. 

The spectacle exhibited by those plants which hate 
dowuj such as borage, nettles, 8cc, is exceedingly curious* 
When viewed through the microscope, they appear to be 
so covered with spikes as to excite horror. Those of . 
borage are for the most part bent so as to form an elbow ; 
and, though really very close, they appear by the miero- 
scope to be at a considerable distance from each other. 
Persons who are not previously told what atifostance tbtsy 
are looking at, will almost be indiiced to beKeve that they 
see the skin of a porcupineé 
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§ xvn. 

Of the Spark struck from a pitcc €f Sted by nutm 9f € 

Flint. 

If sparks struck from a piece of steel by a flint be made 
to fall on a leaf of paper, they will be foand, for the most 
part, to be globules, formed of small particles of steel, 
detached by the shock, and fused by the friction. Dr. 
Hook observed some which were perfectly smooth, and 
reflected with yivacity the image of a neighbouring window. 
When in this state, they are susceptible of being attracted 
by the magnet ; but very often they are reduced by the 
fusion to a kind of scoria, and in that case the magnet has 
no power over them. The cause of thb we shall explain 
hereafter. This fusion will excite no surprise when it is 
known that the bodies most diflkult to be liquefied need 
only, for that purpose, to be rieduced to very minute 
particle. 

jxvm. 

Of the Asperities rf certain bodies^ which appear to be ex^ 
ceedingly Sharp and highly Polished. 

If a needle, apparently very sharp, be viewed through 
the microscope, it will seem to have a very blunt, irregular 
point, much resembling that of a peg brcÂen at tha end. 

The case is the same with the edge of the best set razor. 
When viewed through the microscope, it will appear like 
the back of a penknife, and at certain distances exhibit in- 
dentations like the teeth of a saw, but irregular. 

If a piece of the highest polished glass be exposed to 
, the microscope, you will be much astonished at its appear- 
ance: it will be seen furrowed, and filled with asperities, 
which reflect the light in an irregular manner, making it 
assunie difierent colours. The case is the same with the 
best polished steeL 

Art, in this respect, is far inferii»* to nature ; for if 
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works which have been made and polished , as we may say, 
by the latter, are exposed to the microscope, instead of 
losing their polish, they appear with greater lustre. When 
the eyes of a fly, if illuminated by means of a lamp or 
taper, are viewed through this instrument, each of them 
exhibits an image of the taper with a precision and vivacity 
which nothing can equal. 

§ XIX. 

Of Sand seen throy^gh the Microscope. 

It is well known that there are some kinds of sand 
ealcareous, and others vitrifiable/ The former, seen 
through the microscope, resemble in a great measure large 
irregular fragments of rock. The most curious spectacle 
however is exhibited by the vitreous kind : when it consists 
of rolled sand, it appears like so many rough diamonds, 
and sometimes like polished ones. One kind of sand, when 
seen through the microscope, appears to be an assemblage 
of diamonds, rubies and emeralds: another presents the 
embryos of shells, exceedingly small. 

§XX. 

Of the Pores of Charcoal. 

Dr. Hook had the curiosity to examine with a micro- 
scope the texture of charcoal, which he found to be filled 
with pores regularly arranged, and passing through its 
whole length : hence it appears that there is no charcoal 
into which the air does not introduce itself. This ob- 
server, in the 18th part of an inch, counted 150 of these 
pores; from which it follows, that in a ynece of charcoal, 
an inch in diameter, there are about 5720000. 

On this subject we have been obliged, agreeably to our 
plan, to be exceedingly brief; but, to supply this de- 
ficiency, we shall here point out the principal works which 
contain micrographie observations, and the authors who 
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have particularly applied to thb kind of stud y p The first 
we shall mention is Father Bonnani, a Jesuiti author of a 
Loolc entitled Micreaziam deWockm è della rnente^ part rf 
which is entirely devoted to this subject* The celebrated 
Lewenhoek spent almost the whole of his life in the sanie 
occupation, and published the observations he made in his 
Artana Nature. A great many observations of this kind 
may be found scattered here and there throughout all the 
Journals and Memoirs of learned Societies» But few have 
made so many researches on this subject as M* Joblot^ 
author of a quarto volume, entitled Descriplion et usages 
de pittskurs nouveaux MicroscoptSj 6fc, twee de nouveaujs- 
obseixmiions sur un multitude innombrable ^ insectes^ Sic, 
gui nahsent dam les liqueurs y &c : Paris 1716, He infused 
in water a threat uuoiUer oJ different substances, and caused 
the small animals produced in these infusions to be en* 
graved : to the greater part of them he has even given 
names, derived ironi their resemblance to known bodies^ 
or from other circumstances. But we must refer the 
reader to the work itself, which was republished in 1754^ 
consider ah] V enlan^ed, under this title ; Observaîiùns d^ His^ 
ioire f^aiurt'lifr faites avec le Mivroseope sur un grand 
nombre d^In^ecte^, et sur les Animalcule& pu se trouvait dans 
l^s lii^ueurs prépayées et 7ion préparées^ &'c, 4to, with a 
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times contradicts Needham, to be printed in Italian ; a 
French translation, entitled 'Nouvelles Observations Micros 
scopiqiieSf was published in octavo at Paris, in 1769, with 
notes by the above philosopher. If to these be added 
various Memoirs, by Fontana, RofFredi, Spallanzani, Scc^ 
published in the Journal de Physique, we shall have enu- 
merated all the writings, or at least the principal ones, 
which have hitherto appeared on this subject. 
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PART FIFTH. 



Containing every thing most curious in regard to Acoustics 
and Music. 

The ancients seem to have considered sounds under no 
other point of view than that of music ; that is to say, as 
affecting the ear in an agreeable manner. It is even very 
doubtful whether they were acquainted with any thing 
Qiore than melody, and whether they had any art similar 
to that which we call composition. The moderns, how- 
ever, by studying the philosophy of sounds, have made 
many discoveries in this department, so much neglected 
by the ancients; and hence ^ has arisen a new science^ 
distinguished by the name of acoustics, Atsoustics have 
for their object the nature of sounds, considered in gene- 
ral, both in a mathematical and a philosophical view. This 
science therefore comprehends music, which considers the 
ratios of sounds, so far as thçy are agreeable to the ear, 
either by their succession, which constitutes melody, or 
by their simultsmeity, which forms harmony. We shall 
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here give an account of every thing most curious and in 
toreating in regard to this science. 

AliTlCLE I, 

Definition of sound; how diffused and transmiUed to our 

organs of hearing ; experiments on ikù suhjeci ; dyfertnt 

ways of producing soufid. 

Sound is nothing eU^ but the vibration of the particles 
of the air, occasioned either by some sudden agitation of a 
certain ma^^s of the atmosphere violently cooi pressed or 
expanded j or by the communication of the vibration of 
the minute parts of a hard and eiastrc body. 

These are the tw^o best known ways of producing sound. 
The explosion of a pistol, or any other kind of fire arms^ 
produces a report or sound, because ttie air or elastic fluid 
contained in the gunpowder j being suddenly dilated, com.- 
presses the external air with grt^t violence ; the latter, in 
consequence of its elasticity, xe-acts on the surrounding 
atmosphere, and produces in its molccutœ an oscillatory 
motion, which occasioDs the sound, and which extends to 
a greater or less distance according to the intensity of tbe 
cause that gave rise to it. 

To form a proper idea of this phenomenon, let us con- 
ceive a series of springe, all maintaining each other in equi- 
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tion^ » Ytbratioiii which will continue for a longer or 
shorter time, and at length cease. Hence it happens that 
no sound is instantaneous, but always continue^ more or 
less, according to circumstances. 

: The other method of producing sound, is to excite, in 
an elastic body, vibrations suiSciently rapid to occasion, 
in the surrounding parts of the air, a similar motion. 
Thus, an extended string, when struck, emits a sound, and 
its oscillations, that is to say its motion backward and for- 
ward, may be distinctly seen. The elastic parts of the atk*, 
struck by the string during the time it is vibrating, are 
themselves put into a state of vibration, and communicate 
this motion to the neighbouring ones. Such is the me- 
chanism by which a beii produces its sound ; when struck, 
its vibrations are sensible to the hand which touches itv 

Should these facts be doubted, the following experiments 
will exhibit the truth of them in the clearest point of view. 

BXPERl^ENT I. 

Half fill a vessel, such as a drinking glass, with water; 
and having made it fast, moisten your finger a little^ and 
move it round the edge. By these' means a sound will be 
produced, and at the same time you will see the water 
tremble, and form undulations so as to throw up small 
drops. What but the vibration of the particles of the 
water can produce in it such a motion i 

EXPERIMENT II. 

If a bell be suspended in the receiver of an air pump, so 
as not to touch any part of the machine ; it will be found, 
on the bell being made to sound, that as the air is evacuated 
and becomes rarer, the sound grows vreaker and weaker, 
and that it ceases entirely when as complete a vacuum as 
possible has been effected. If the air be gradually re-ad- 
mitted, the soutid will be revived, aswe may say, and will 
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kicrease in proportion as the air contained in the machine 
approaches towards the same state as that of the atmo- 
sphere. 

From these two experiments it results, that sound con- 
sidered in the sonorous bodies, is nothing else than rapid 
vibrations of their minute parts; that air is the vehicle of 
it ; and that it is transmitted so much the better when the 
air by its density is itself susceptible of a similar motion. 

In regard to the manner in which sound affects the mind, 
we must first observe that at the interior entrance of the 
ear, which contains the different parts of the organ of hear- 
ing, there is a membrane extended like that of a drum, and 
which on that account is called the tympanum. It is very 
probable that the vibrations of the air, produced by the 
sonorous body, excite vibrations in this membrane ; that 
these produce similar ones in the air, with which the in- 
ternal cavity of the ear is filled ; and that the sound is in- 
creased by the peculiar construction of the parts, and the 
ôrcumvolutions both of the semicircular canals and of the 
helix : hence there is occa^ionçd in the nerves that cover 
the helix, a motion which is transmitted to the brain, and 
by which the mind receive^the perception of sound. Here 
however we must stop; for it is not possible to ascertain 
how the inotipn of the nerves can affect the mind ; but it is 
sufficient for us to know by experience that the nerves are 
as it were the mediators between our spiritual part, and the 
external and sensible objects. 

Sound always ceases when the vibrations of the sonorous 
body cease, or become top wçak. This is proved also by 
experiment, for when the vibrations of a sonorous body are 
damped by any soft body, the sound seems suddenly to 
cease. In a piano-forte therefore, the quills are furnished 
with bits of cloth, that by touching the strings when they 
fall down, they may damp their vibrations. On the other 
hand, when the sonorous body by its nature is capable of 
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continuing its vibrations for a considerable tiine^ as is the 
case with a large bell^ the sound may be heard for a long 
time after. 

ABTICLE II. 

On the uietodty of sound; experiments for determining it; 
method of measuring distances by it. 

Light is transmitted from one place to another with in« 
credible velocity ; but this is not the case with sound : the 
velocity of sound is very moderate, and may be measured 
in the following manner. 

Let a cannon be placed at the distance of se vera) thou- 
sand yards, and let an observer with a pendulum that vi- 
brates seconds, or rather half seconds, put the pendulum in 
motion as soon as he sees the flash, and then count the 
number of seconds or half seconds which elapse between 
that period and the moment when he hears the explosion. 
It is evident that, if the moment when the flash is seen be 
considered as the signal of the explosion, nothing will be 
necessary, to obtain the number of yards which the sound 
has passed over in a second, but to divide the number of 
the yards between the place of observation and the cannon, 
by the number of seconds or half seconds which have been 
counted. 

Now the moment when the flash is perceived, whatever 
be the distance, may be considered as the real moment of 
the explosion ; for so great is the velocity of light, that it 
employs scarcely a second to traverse 60000 leagues*. 

• The ▼elocitjr of ttie particles Una ra'yd of light is truly àstouishing, as it 
«noaDtt to nearly S hundred thousand miles in a second of time, which it 
nearly a million times greater than the velocity of a cannon-ball. It hat 
been found by repeated experiments» that when the earth is exactly between 
Jupiter and the «>un| his satellites are seen eclipsed B\ minutes sooner than 
they could be according to tbe tables; but when the earth is nearly in tha 
opposite point of its orbit, these eclipses happen about 8^ minutes later than 
the tables predict them : heoce it is certain that the motion of light is not 
instantaneous, bi^t that it takes up about 16^ minutes of time in passing orer 
a space equal to the diameter of the earth's orbit^ which is at Itast 190 mil- 



81» 



VKLOCITT 09 SOUNl». 



By similar experimeots the members of the Ro^ 
Academy of Sciences foundi that sound mored at the rate 
of 1172 Parisian feet in a second. Gassendus makes its ve- 
locity to be 1473 feet in a second ; Mersenne 1414; Du- 
hamel, in the History of the Academy of Sciences, 1388 ; 
Newton 968; and Derbam, in whose measure Flamsteed 
and Halley concurred, 1142. Though it is difficult to de- 
termine among so many authorities, the last estimate, viz 
1142 per second, has been generally adopted in this 
country. 

It is to be observed that^ accprding to Derham's experi* 
ments, the temperature of the air, whether dry or moist, 
cold or hot, causes no variation in the velocity of sound. 
This philosopher had often an opportunity of seeing the 
flash and hearing the report of cannon fired at Blackheath^ 
9 or 10 miles distant, from Upminster, the place of his re- 
sidence ; but whatever might be the state of the weather, 
he always counted the same number of half seconds, be* 
tween the moment of seeing the flash and that of hearing 
the report, unless any wind blew from either of these 
places, in which case the number of the seconds varied 
from 1 1 1 to 1 12. It may be readily conceived, that if the 
wind impelled the fluid put into a state of vibration, to- 
wards the place of the observer, the vibrations would reach 
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of sonntf. For tbis purpoée pvovide a penâuluin tint 
swings half seconds, which may bo done by suspiending 
from a thread a ball of lead, half an inch in diameter, in 
such a manner, that there shall be exactly 9f ^ inches, or 
9|^, between the centre of the ball and the point of suspen- 
sion ; then the moment you perceive the flash of a cannon, 
or musket, let go the p6Ddalum9 aud count bow many vi- 
brations it makes till the instant when you hear the report: 
if you then multiply this number by 571 feet, you will 
have the distance of the place where the mudket or cannon 
was fired. 

We here suppose the weather to be calm, or that the 
wind blows only in a transversal direction ; for if the wind 
blows towards the observer from the place where the ean- 
non or gun is fired, and if it be violent, as many times 12 
feet, as there have been counted half seconds, must be added 
to the distance found ; and in the contrary case, that id, if 
the wind blows from the observer, towards the qtiarter 
where the explosion is made, they must be subtracted. It 
is well known that a violent wind makes the air move at 
the rate of about 24 feet per second, which is nearly the 
48th part of the velocity of sound. If the wind be mode- 
rate, a 96th may be added or subtracted ; and if it be weak, 
but sensible, a 192d: but this correction, especially in the 
latter case, seems to be superfluous ; for can we ever flat^ 
ter ourselves that we have not erred a 192d part in the 
measuring of time ? 

This method may be employed to determine tile distance 
of ships at sea, or in a harbour, when they fire guns, pro* 
vided the flash can be seen, and the explosion heard. 
During a storm also, the distance of a thunder-cloud may 
be deterifiined in the same manner. But as a penduluvA 
is not always to be obtained, its place may be supplied bjr 
observing the beats of the pulse, for when in its usuat state^ 
each interval between the pulsations is almost equal to a 



duo BIFFUSIOlf OF SOUHM» 

second; but when quick and elevated , each pokalkxi if 
equal to only two thirds of a second. 

ARTICLE III. 

flow sounds maj/ be propagated in every direction without 
confusion. 

Thi&is a very singular phenomenon in the propagation 
of sounds ; for if several persons speak at the same timCy 
or play on insti;,uments, their different sounds are heard 
simultaneously, or all together, either by one person, or 
by several persons, without being confounded in pasâng 
through the same place in different directions, or without 
damping each other. Let us endeavour to account for 
this phenomenon. 

The cause no doubt is to be found in the property of 
elastic bodies. For let us -conceive a series of globules 
equally elastic, and all contiguous, and let us suppose that 
a globule is impelled with any velocity whatever against 
the first of the series : it is Well known that in a very short 
time the motion will be transmitted to the other extremity, 
so that the last globule will have the same motion com- 
municated to it as if it had been itself immediately impel«» 
led. Now if two globules with unequal velocities impel 
at the same time the two extremities of the series, the 
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êAtsie if two^ three,^ four or more series eross the first one^ 
either in the same point or in different points. The par- 
ticular motion communicated to the beginning of each 
series, will be transmitted to the other end, as if that series 
were alone* 

This comparisdti may serve to show hofw several sounds 
may be transmitted in all directions, by the help of the 
same medium ; but it must be allowed that there are some 
small differences. For, in the first place, we must not con^ 
eeive the air, which is the vehicle of sounds to be composed 
of elastic globules, disposed in such regular series as those 
here supposed : each particle of air is no doubt in contact 
with several others at the same time, and its motion is 
thereby communicated in every direction. Hence it h8{^• 
pens that the sound, which would reach to a very great 
distance almost without diminution^ if communicated as 
bete supposed, experiences a considerable decrease^ in 
proportion as it recedes from the body which produced it* 
Though the movement by which sound is transmitted be 
more complex, there is reason to believe that it is reduced, 
in the last instance, to something similar to what has been 
here described. 

The second difference arises from the! particles of air, by 
which the organ of hearing ifs immediately affected,' not 
having a movement of translation, like the last globule of 
the series, which proceeds with a greater or less velocity ; 
in consequence of the shock that impels the other extremity 
of the series. But the movement in the air consists merely 
of an undulation of vibration, which, in consequence of the 
elasticity of its aerian particles, is transmitted to the ex- 
tremity of the series, such as it was received at the othen 
ît must be observed that the sonorous body communicates 
to the air, which it touches, vibrations isochronous with 
those which it experiences itself; and that the same vi* 
brations are transmitted from the one end to the other of 
the series, and always with the same velocity : for we a» 
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taught by experience that a grave sound, caieris pariiuif 
does not employ more time, than an acute one, to pass 
through a determinate space» 

ARTICLE IV. 

0/ Echoes ; hew produced ; account of the most remariaUe 
echoes f and ofsonie phenomena respecting them. 

Echoes are well known ; but however common this phe^ 
nomenon may be, it must be allowed that the manner in 
which it is produced is still involved in considerable ob- 
scurity, and that the explanation given of it does not sufi- 
ficiently account for all the circumstances attending it. 

All philosophers almost have ascribed the formatioa of 
echoes to a reflection of sound, similar to that experienced 
by light, when it falls on a polished body» But , as D'Alem» 
bert observes, this explanation is false ; for if it were not^ 
a pdished surface would be necessary to the produetioft* 
of an echo ;. and it is well known that this is not the caitb 
Echoes indeed are frequently heard opposite to old walls, 
wbdch are fax from being polished ; near huge maosco af 
rock, and in the neighbourhood of forests, and eveo df 
clouds. This reflection of sound ther^ore is notctf Ébe 
same nature as that of light. 

It is evident, however, that the formation of an echo ean 
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tonttSLty direction,' the same moticm as it would have 
eomtnunicated to the rest of the series^ if it bad not rested 
against a fixed point* This ought indeed to be the case 
whether the obstacle be in a line with the series or oblique 
to it^ provided the last globule be kept back by the neigh-' 
bouring ones^ only with this di&rence, that the retrograde 
motion will be stronger in the latter case, according as 
the obliquity is less. If the aerian and sonorous mdecalae 
d)en rest against any point at one end^ and if the obstacle 
be at such a distance from the origin of the motion, that 
the direct and repercussive motion shall not make them-* 
selves sensible at the same instant, the ear will distinguish 
the one from the other, and there will be an echo. 

But we are taught by experience, that the ear does not 
distinguish the succession of two sounds, unless there be 
between them the interval of at least one twelfth of a 
second : for during the nK>st rapid movement of instru-^ 
mental music, each measure of which cannot be estimated 
at less than a second*, twelve notes are the utmost that 
can be comprehended in a measure, to render the suc- 
cession of the sounds distinguishable; consequently the 
obstacle which reflects the sound must be at such a du 
stance, that the reverberated sound shall not succeed the. 
direct sound till after one twelfth of a second ^ and as 
sound moves at the rate of about 1142 feet in a second^ 
and consequently about 95 feet in the twelfth of a second, 
it thence follows that, to render the reverberated sound 
distinguishable from the direct sound, the obstacle musi 
be at the distance at least of about 48 feet. 

There are single and compound echoes, tn the former 
only one repetition of the sound is heard ; in the latter 
there are 2y 3, 4, 5, &c, repetitions. We are even told 
of echoes that can repeat the same word 40 or 50 times* 

• If a piece of music, consisting of 60 measures, were exccnted in » 
minute, this, iu our opinion, would be a vapidity of which the» art few 
instances in the art^ 
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Sngle echoes are those where there is only one obstaclcr; 
for the sound, being hnpelled backwards, will continue its 
course in the same direction without returning ; but double, 
triple, or quadruple echoes, may be produced different 
ways. If we suppose, for example, several waHs one be^- 
hind the other, the remotest being the higbest ; and if each 
be so disposed as to produce an echo; as many repetitions 
of the same sound as there are obstacles will be heard. 

Another way in which these numerous repetitions may 
be produced, is as follows : Let us suppose two obstacles, 
A and B, (fig. 2 pi. 15), oppodte to each other, and the 
productive cause of the sound to be placed between them, 
in the point s ; the sound propagated in the direction from 
s to A, after returning from a to s, will be driven back by 
the obstacle b, and again return to s ; having then traversed 
the space s a, it will experience a new repercussion, which 
will cany it to s after it has struck the obstacle b ; and this 
would be continued in infinitum if the sound did not always 
become weaker. On the other hand, since the sound is 
propagated as eaâly from s to b as firom s to a, it will at 
first be sent back also from b towards s; having then 
passed over the space sa, it will be rejpelled from A 
towards s ; then again from b towards 9, after having 
traversed the distance sb, and so on in succession, till the 
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to the former ; and so on till the sound is quite, extin^ 
guished. The different ratios of the distances sA| sb, will 
also give rise to different irregularities in the succession of 
these sounds, which we hare thought it our duty to notice, 
.as being possit^le, though we do not know that they hâve 
been ever observed. 

There are some echoes that repeat several words in 
succession; but this is not astonishing, and must always 
i>e the case when a person is at such a distance from the 
echo, that there is sufficient time to pronounce several 
words before the repetition pf the ^'st has reached the 
jear. 

There are^ome echoes which have been much celebrated 
OB account of their singularity, or of the number of times 
that they repeat the same word. Misson, in his descrip- 
tion of Italy, speaks of an echo at the villa Simonetta, 
which repeated the same word 40 times. At Woodstock 
in Oxfordshire there is an echo which repeats the same 
sound 50 times'*^. 

The description of an echo still more singular near 
Roseneath, some miles distant from Glasgow, may be 
found in the Philosophical Transactions for the year 1698. 
If a persoii, placed at the proper distance, plays 8 or 10 
notes of an air with a trumpet, the echo faithfully repeats 
them, but a third lower; after a short silence another 
repetition is heard in a tone still lower ; and another short 
silence is followed by a third repetition, in a tonp 9^ thirji 
lower. 

Â âmilar phenomenon is perceived in certain halls; 
where, if a person stands in a certain position, and pro- 
nounces a few words with a low voice, they are heard only 
b}' another person standing in a determinate place. Mus- 
chenbroeck speaks of a hall of this kind in the castle pf 

* This seems to be a mistake : the echo at Woodttock^ accorcUiig to Dr, 
Plat, repeats in the day time very distinctly 17 syllabUs, aii4 in U» oifbt 
( SQ. Nai. HUU f^Ojf. chap. 1, p. 7. 
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Cleves; and most of those who hare visited the Ollik*- 
servatory at Paris have experieaced a similar phenooaenq^ 
in the hall od the first story. 

Philosophers unanimously agree in ascribing this phe- 
nomenon to the reflection of the sonorous rays; whicb, 
after diverging from the mouth of the speaker, are re- 
flected in such a manner as to unite in another point. But 
it may be readily conceived, say they, that as the sound by 
this union is concentrated in that point, a person whose 
ear is placed very near will hear it, though it cannot be 
beard by those who are at a distance. 

We do not know whether the hall in the castle of Cleves, 
of which Muschenbroeck speaks, is elliptical, and whether 
the two points where the speaker and the person who listens 
ought to be placed are the two foci ; but in regard to the 
hall in the Observatory of Paris, this explanation is entirely 
void o^ foundation. For, 

1st. The echoing hall, or as it is called the HaU of 
Secrets, is not at all elliptical ; it is an octagony the walls of 
which at a certain height are arched with what are called 
in architecture cloister arches; that is to say, by portions 
of a cylinder which, in meeting, form re-entering angles, 
that continue those formed by the sides of the octagonal 
plan. 
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•ne mde of the hall to the other, forms a sort of canal, 
which contains the voice^ and transmits it to the other 
side. This phenomenon is entirely similar to that of a 
Tery long tube, to the end of which if a person applies his 
mouth and speaks, even with a low voice, he will be heard 
by a person at the other end. 

The case is the same with the whispering gallery, or 
dome of St. Paulas church, London; or even with the 
arched recesses on Westminster bridge ; the sound is not 
heard by a person in the intermediate spaces, but only at 
the opposite point of the dome, or of the opposite recess 
of the bridge. 

The Memoirs of the Academy of Sciences^ for the year 
1692, speak of a very remarkaJble echo in the court of a 
gentleman's seat called le Genetay, in the neighbourhood 
of Rouen. It is attended with this singular phenomenon, 
that a person who sings or speaks in a low tone, does not 
hear the repetition of the echo, but only his own voice ; 
while those who listen hear only the repetition of the 
echo, but with surprising variations ; for the echo seems 
sometimes to approach and sometimes to recede, and at 
length ceases when the person who speaks removes to 
some distance, in a certain direction. Sometimes only one 
voice is heard, sometimes several, and sometimes one is 
heard on the right, and another on the left. An explana^ 
tion of all these phenomena, deduced from the semicircular 
form of the court, may be seen in the above collection» 

ABTICLE V. 

Experiments respecting the vibrations of musical strings^ 
which form the basis of the theory of musk. 

If a string of metal or catgut, such as is used for musical 
instruments, made fast at one of its extremities, be ex- 
tended in a horizontal direction over a fixed bridge ; and 
if a weight be suspended from the other extremity, so as 
to stretch it ; this string, when struck, will eipit a soupd 
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produced by reciprocal vibrations, which are sensible to 
the sight. 

ir the part of the string made to vibrate be shortened, 
and reduced to one half of its length, any person who has 
a musical ear will perceive, that the new sound is the 
octave of the former, that is to say twice as sharp.— If the 
vibrating part of the string be reduced to two thirds of its 
original length, the sound it emits will be the fifth of the 
first.7— If the length be reduced to three fourths, it will 
give the fourth of the 6rst. — If it be reduced to ^^ it will 
give the third major ; if to •^, the third minor. If reduced 
to I , it will give what is called the tone major ; if to ^^ 
the tone minor ; and if to {^, the semi-tone, or that which 
in the gamut is between mi and /a, or si and sol. 

The same results will be obtained if a string be fastened 
at both ends, and ^, •^, and ^ of it, be successively inter^ 
cepted by means of .a moveable bridge. 

As this subject will be better understood if the reader 
has a clear idea of the relation of the sounds in the diatomo 
progression, we shall here insert the following table^ 
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Such is the result of a determinate degree of tension 
given to a string, when the length of it has been made to 
vary. Let us now suppose that the length of the string is 
constantly the same^ but that its degree of tension is 
varied. The following is what we are taught by experi- 
ment on this subject. 

If a weight be suspended at one end of a string of a 
determinate length, made fast by the other, and if the 
tone it emits be fixed ; when another weight quadruple of 
the first has been applied, the tone will be the octave of 
the former; if the weight be nine times as heavy, the tone 
will be the octave of the fifth ; and if it be only a fourth 
part of the first, the tone will be the octave below. Nothing 
more is necessary to prove that the effect produced, by 
successively reducing a string to i, f, |^, 8cc, will be pro- 
duced also by suspending from it in succession weights in 
the ratio of 4, f , '/, &c, that is to say, the squares of the 
weights, or the degrees of tension, must be reciprocally 
as the squares of the lengths proper for emitting the same 
tones. 

Pythagoras, we are told, was led to this discovery by 
the following circumstance. Harmonious sounds proceed- 
ing from the hammers striking on an anvil in a smithes shop 
happening one day to reach his ear. wbile walking in the 
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octave, the fifth, and the third major, ought to be re- 
spectively as 4, 1, a, to that which emitted the principal 
tone ; that is in the inverse rado of the squares of f, f, f • 

Whatever may be the degree of credit due to this anec- 
dote, which is appreciated as it déserves in the History of 
the Mathematics, such were the first facts that enabled 
mathematicians to subject the musical intervals to calcu- 
lation. The sum of what the moderns have added to them, ^ 
is as follows : It can be demonstrated at present by the 
principles of mechanics : 

1st. That if a string of a uniform diameter, extended 
by the same weights, be lengthened or shortened, the 
velocity of its vibrations, in these two states, will be in the 
inverse ratio of the lengths. If this string then be reduced 
to one half of its length, its vibrations will have a double 
velocity, that is to say, it will make two vibrations for one 
which it made before ; if it be reduced to two thirds, it 
will make three vibrations, for two which it made before. 
When a string therefore performs two vibrations, while 
another performs one, the tones emitted by these strings 
will be octaves to each other ; when one vibrates three 
times while another vibrates twice, the one will be the 
fifth to the other, and so on. 

2d. The velocity of the vibrations performed by a 
string, of a determinate length, and distended by difierent 
weights, is as the square roots of the stretching weights : 
quadruple weights therefore will produce double velocity, 
and consequently double the number of vibrations in the 
same time ; a noncuple weight will produce vibrations of 
triple velocity, or a triple number in the same time. 

3d. If two strings, differing both in length and in weight, 
be stretched by different weights, the velocities of their 
vibrations will be as the square roots of the distending 
weights, divided by the lengths and the weights of the 
strings: thus, if the string a, stretched by a weight of 6 
pounds, weigh six grains, and be a foot in length; while 
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the String b, stretched by a weight of 10 pounds, wrigfas 
five grains, and is half a foot in length ; the Telocity of 
the vibrations of the former, will be to that of the vUir»» 
tions of the latter, as the square root of 6 x 6 x 1 to that 
of 5 X 10X4, that is, as the square root of 36, which is 
6, to that of 25, or 6 : the first therefore will perform 6 
vibrations while the second performs 5. 

From these discoveries it follows, that the acuteness or 
gravity of sounds, is merely the efiect of the greater or 
less frequency of the vibrations of the string which pro- 
duces them ; for since we know by experience, on the one 
hand, that a string when shortened, if subjected to the 
same degree of tension, emits a more elevated tone ; and 
on the other, both by theory and experience, that its vi- 
brations are more frequent the shorter it is, it is evident 
that it is only the greater frequency of the vibrations that 
can produce the effect of elevating the tone. 

It thence results also, that a double number of vibra- 
tions produces the octave of the tone produced by the 
single number; that a triple number produces the octave 
of the fifth ; a quadruple number, the double octave ; a 
quintuple the third major, above the double octave, &c; 
and if we descend to ratios less simple, three vibrations for 
two will produce the concord of fifth ; four for three^ that 
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PROBLEM. 

To détermine the number of the vibrations made by a stringy 
of a given length and size, and stretched by a given weight; 
or y in other words^ the number of the vibrations which 
form any tone assigned» 

Hitherto we hate Considered only the ratios of the 
number of the vibrations, performed by strings which give 
the different concords ; but a more curious, and far more 
difficult problem, is, to find the real number of the vibra- 
tions performed by a string which gives a certain deter- 
minate tone J for it may be readily conceived that their 
velocity will not admit of their being counted. Geometry 
however, with the help of mechanics^ has found means to 
resolve this question, and the rule is as follows : 

Divide the stretching weight by that of the string ; 
multiply the quotient by the length of the pendulum that 
vibrates seconds, which at London is 394 inches, or 469^ 
lines, and divide the product by the length of the string 
from the fixed point to the bridge; extract the square 
root of this new quotient, and multiply it by the ratio of 
the circumference of the circle to the diameter, viz, 3^ 
nearly, or the fraction ■|44> ^^ decimals 3*14 16 nearly; 
the product will be the number of the vibrations performed 
by the string in the course of a second. 

Let a string of a foot and a half in length, for example^ 
and weighing 8 grains, be stretched by a weight of 4 
pounds Troy weight, or 23040 grains : the quotient of 
23040 divided by 8 is 2880; and as the length of the 
pendulum which swings seconds is 469^ lines, the product 
of 2880 by this number will be 1352160; if this product 
be divided by 216, the lines in a foot and a half, we shall 
have 6260, the square root of which will be 79* 1201 : this 
number multiplied by |.y. or 3' 14 16, gives 248*563, which 
is the number of the vibrations made by the above string 
in the course of a second. 
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A "ety itiçeniatis mcfeiiaiif indented br IM» ! 
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cime, thu a scm» at puisanom or beats was beard hr Ar 
aotiods ; by reAeebiig on the caoae of this ] 
touoti, that tbtsw beat» arose from the | 
OK cowcuient vibrations of the two pipes, 
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tbe lower peifmrns oolj 24; so that at each 
of the former or 24ch of the latter, there wiH be a 
tioo ; if 6 palsatioos therefore are obserred in the < 
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slowest and quickest vibrations, appreciable by the ear, 
are according to M. Sauveur i2,i and 6400. 

We shall not enlarge farther on these details, but pro» / 
ceed to a very curious phenomenon respecting strings in a 
state of vibration. — Make fast a string at both its ex- 
tremities, and by means of a bridge divide it into aliquot 
parts, for example 3 on the one side, and 1 on the other ; 
and put the larger part, that is to say the ^, in a state of 
vibration; if the bridge absolutely intercepts all com* 
munication from the one part to the other, these |. of the 
stringy as is well known, will give the tone of the fourth of 
the whole string > if 4 be intercepted, the tone will be the 
third major. 

But if the bridge only prevents the whole of the string 
from vibrating, without intercepting the communication 
of motion from the one part to the other, the greater part 
will then emit only the same sound as the less ; and the ^ 
of the string, which in the former case gave the fourth of 
the whole string, will give only the double octave, which 
is the tone proper to the fourth of the string. The case 
is the same if this fourth be struck : its vibrations, by being 
communicated to the other three fourths, will make them 
sound, but in such a manner as to give only this double 
octave. 

The following reason, which may be rendered plain by 
an experiment, is assigned for this phenomenon : when 
the bridge absolutely intercepts all communication between 
the two parts of the string, the whole of the largest part 
vibrates together, and if it be | of the whole string, it 
makes, agreeably to the general law, 4 vibrations in the 
time that the whole string would make 3 : its sound there- 
fore is the fourth of the whole string. 

But in the second case, the larger part of the string 
divides itself into as many portions as the number of times 
it contains the less, which in the present example is S, and 
each of these portions, as well as the fourth, performs its 
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of a tone major and a tone minor, as may be proved by 
adding together the concords £ and -f^ wli^h make ^ s 
Aor$. 

It might be proved, in like manner, that two semi-tones 
major make more^than a tone major, and two semi-tCon^l 
minor less even than a tone minor ; and, in the last place, 
that a semi-tone major and a semi-tone minor j^ make exactly 
a tone minor. 

PKOBLBM If. 

To subtract one concord from another. 

Instead of multiplying together the fractions which ezr 
press the given concords, they must here be divided; or 
invert that which expresses the concord to be subtracted 
from the other, and then multiply them together as before: 
the product will give a fraction expressing the quotient, 
or concord requiced» 

Exam* I* What ù the concord which results Jtûm the j^k 
subtracted from the octave f 

The expression of the octave is •(, that of the fifth f, 
which inverted gives i ; and if f be multiplied by |> we 
shall have ^, which expresses the fourth. 

Exam. ii. IVhat ù the d^erence between the tone nuffor 




poWtir denoted by the ntunber of times it ill to be multi- 
fliiei ; that is, to the square if it is to be doubled, to the 
tube if to be tripled» and so on. 

Thus, the concord arising from the tone major tripled is- 
ffl*: for as the expression of the tone major is f , we shall 
Tiave 8 X 8 x 8 s= 512, and 9 x 9 x 9 = 729. This con- 
€tt>rd -^ corresponds to the interval between ut and SLfà 
higher thanyk sharp of the gammut. 

PROBLEM IV. 

To divide one concord by any number at pleasure, or to find 
u concord which shall hé the half, third, i(c, of a given 
concords 

To answer this problem, take the fraction which ex- 
presses the given concord, and extract that root of it which 
is denoted by the determinate divisor : that is to say, the 
square foot if the concord is to be divided into two j the 
cube root, if it is to be divided into three, &c ; and* this 
root will express the concord required» ' 

Example.-^ As the octave is expressed by f , if the square 
root of it be extracted, it will give ^ nearly; but -^ is less 
than !>, and greater than |. ; consequently the middle of 
the octave is between the fourth and the fifth, or very 
newt fa sharp. 

ARTICLE VII. 

Of the resonance of sonorous bodies; the fu;ndamenial 
principle of harmony and melody; with some other har» 
monical phenomena. 

EXPERIMENT I. 

If you listen to the sound of a bell, especially whcii very 
grave, however indifferent your ear may be, you will 
eanly distinguish, besides the principal sound, several 
others more acute ; but if you have ah ear accustomed to 
appreciate the musical intervals, you will perceive that 
Më'of these pounds is the twelfth er fifth abovetbe octave^ 
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and another the seventeenth major, or third major abofv 
the double octave. . If your ear be exceedingly ddkate, 
you will distinguish also its octave, its double, and eveo 
its triple octave: the latter indeed are somewhat more 
difficult to be beard, because the octaves are almost con- 
founded with the fundamental sound, in consequence of 
that natural sensation which makes us confound the octave 
with unison. 

The same effect will be perceived if the bow of a 
violoncello be strongly rubbed against one of its large 
strings, or the string of a trumpet-marine. 

In shorty if you have an experienced ear, you will be 
able to distinguish these different sounds, either in the 
resonance of a string, or in that of any other sonorous 
body, and even in the voice. 

Another metliod of making this experiment. 

Suspend a pair of tongs by a woollen or cotton cord, or 
any other kind of small string» and twisting the extremities 
of it around the fore finger of each hand, put these two 
fingers into your ears. If the lower part of the tongs be 
then struck, you will first hear a loud and grave sound, 
like that of a large bell at a distance ; and this tone will be 
accompanied by several others more acute | among which» 
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you prelude for a moment, by way of amusement^ on the 
same set of keys, and then return to the single k^ first 
touched, you will think you hear only one tone, that of 
the bourdon, the gravest of all which corresponds to the 
fsound of the whole system. 

Remark.— This experiment, respecting the resonance 
of sonorous bodies, is not new. It was known to Dr. 
Wallis, and to Mersenne, who speak of it in their works ; 
but it appeared to them a simple phenomenon, with the 
consequences of which they were entirely unacquainted. 
Rameau first discovered its use in deducing from it all the 
rules of musical composition, which before had been 
founded on mere sentiment, and on experience, incapable 
of serving as a guide in all cases, and of accounting for 
every effect. It forms the basis of his theory of funda- 
mental bass, a system which has been opposed with much 
declamation, but which however most musicians seem at 
present to have adopted. 

AH his harmony then is multiple, and composed of 
sounds which would be produced by the aliquot parts of 
the sonorous body ^, 4.,^, |, |., and we might add |^, ^, &c. 
But the weakness of these sounds, which go on always de- 
creasing in strength, renders it difficult to distinguish them. 
Rameau however says that he could distinguish very plainly 
the sound expressed by -f, which is the double octave of a 
sound divided nearly into two equal parts, being the inter- 
val between la and si flat below the first octave : he calls 
it a lost sound, and totally excludes it from harmony. It 
would indeed be singularly discordant with all die other 
sounds given by the fiindam^fital tone. 

We must however observe that the celebrated Tartini, 
in regard to this sound, was not of the same opinion as 
Rameau. Instead of calling it a lost sound, he maintains 
that it may be employed in melody as well as harmony ; 
he distinguishes it by the name of the seventh amsonani. 
But we shall leave it to musicians to appreciate this idea of 
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Tartioi, ^hose celebrity in composition, M ireH 89 < 
lion» r^uired a refutation of a difierept kind, fremibik 
IQ be found at the end of a work printed in 1167» entitltd 
Sisùoirc de la àtusti/ue. 

EXPERIMENT II. 

If you tune several strings to the octave» to the twdfkb» 
fo^d to the se?enteeDth major, of the determinate sound 
emitted by another string, both ascending and descending ; 
99 often as you make that which gives the determinate 
sound to resound strongly, and with continuance, you will 
immediately see all the rest put themselves in a state of vi? 
bration : you will even hear those sound which are tuned 
lower, if care be taken to damp suddenly, by means of a 
soft body, the sound of the former. 

Most persons have heard the glasses on a table soundi 
when a person near them has been singing with a atroi^ 
and a loud voice. The strings of an instrument, thoqgi| 
not touched, are often heard to sound, in consequence 
of the same cause, especially after swelling notes long 
continued. 

Tbis phenomenon arises, no doubt, from the vibrations 
of the air being communicated to the string, or totbe sob» 
norous body, elevated to the above tones : for it may bé 
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ftlwayë in ihe sttie direction^ is at leogth aUe to tlefBté 
the waters of the ocean. Bat when the strings in qaesdoB. 
are stretched in such a manner^ that their vibrations cam 
have no correspondence with those of the string which is 
struck, they will in this cas6 be sometimes assisted and 
sometimes opposed^ and the small movement which can be 
Qommunicated to them» will be amiihilated as soon as pro- 
dttCed» consequently they will remain at rest. 

QUESTION* 

Do the sounds heard with the principal sound derive their 
4ource immediately from the sonorous bodj/, or do ihey 
reside only in the air or the 43Tgan ? 
X It is very probable that the principal sound is the onljr 
one that derives its origin immediately from the vibration 
of the sonorous body« Philosophers of eminence have en- 
deavoured to discover whether, independently of the total 
vibrations made by the body, there are not alsp partial vi- 
brations ; but hitherto they have been able to observe only 
simple vibrations. Besides, how can it be conceived thai 
the whole of a string should be in vibration, and that dur- 
ing its motion it should divide itself into two or three parts 
that perform also their distinct vibrations i 

It must then be said that these barmonical sounds €f 
octave, twelfth, seventeenth, &c, are in the air or tho 
organ : both suppositions are probable ; for since a de-» 
terminate sound has the property of putting into a state 
of vibrarion bodies disposed to give its octave, its twelfth^ 
&c, we must allow that this sound may put in motion the 
particles of the air susceptible of vibrations of doublei 
triple, quadruple, and quintuple velocity. What however 
appears most probable in this respect is, that these vibra- 
tions exist only in the ear: it seems indeed to be proVed, 
by the anatomy of this organ, that sound is transmitted to 
the soul only by the vibrations of those nervous fibres which 
cover the interior part of the ear ; and as they are of di£> 
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ferent lengths, there are always some of them which per* ^ 
form their vibrations isochronous to those of the .giyen 
sound. But, at the same time, and in consequence of the 
property above mentioned, this sound must put in motion 
those fibres which are susceptible of isochronous vibrations, 
and even those which can make vibrations of double, triple, 
quadruple, Sec, velocity. Such, in our opinion, is the most 
probable explanation that can be given of this singular 
phenomenon. 

EXPERIMENT III. 

For this experiment we are indebted to the celebrated 
Tartini of Padua. If you draw from two instruments, at 
the same time, any two sounds whatever, you will hear in 
the air a third, which will be the more perceptible the 
nearer your ear is placed to the middle of the distance be* 
tween the two instruments. Let us suppose then, for ex- 
ample, two sounds which succeed each other in the order 
of consonances, as the octave and the twelfth, the double 
octave and the seventeenth major, 8cc; the sound resulting, 
says Tartini, will be the octave of the principal sound. 

This experiment was repeated in France with the same 
success, as we are assured by M. Serres, in his Principe» 
de PHarmonie^ printed in 175S ; but with this exception. 
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§1. 

Of the Grecian Music. 

During the infancy of music among the Greeks, their 
Ijnre had four strings, the sounds of which would have cor- 
responded to siy uty re, mi; but they afterwards added 
other three /a, sol, la. The first diatonic scale therefore 
of the Greeks, translated into our musical language, was 
si, utj rty mi, fa, sol, la, and was composed of two tetra- 
chords, or systems of four sounds, si, ut, re,.mi; mi, fa, 
sol, hi in which the last of the one and the first of the 
other were common, and on this account they were called 
conjunct tetrachords. 

We must here observe that, however singular this. dis- 
position of sounds may appear to those who are acquaint- 
ed only with the modern diatonic order, it is no less 
natural and agreeable to the rules of harmony ; for Rameau 
has shown that it is nothing else than a chant,. the funda- 
mental bass of which would be, sol, ut, sol, ut,fa, ut,fa. 
It possesses also the advantage of having only one altered 
interval, viz the third minor from re to fa, which, instep 
of being in the ratio of 5 to 6, is in that of 27 to 32 ; which 
is somewhat less, and consequently too low by a comma of 
from 80 to 81. 

But this perfection in the Grecian gammut was counter- 
balanced by two great imperfections, viz 1st. that it did 
not complete the octave ; 2d. that it did not terminate by 
a rest, which leaves to the ear that kind of uneasiness re- 
sulting from a song begun and not finished. It could nei-. 
ther ascend to si, nor descend to la; and therefore the 
musicians who, to complete the octave, added the latter 
note below, considered it to be foreign, as we may say, and 
give it the name oi proslambanomenos. 

For this reason they endeavoured to discover another 
remedy for this defect, and Pythagoras, as is said, pro- 
posed the succession of sounds mi, fa, sol, la,- si, ut, re, 



mif composed as it appears of two disjunct teiraehcrism 
This diatonic scale is almost the same as ours, with this 
difference, that ours begins and ends with the tonic note^ 
i^hile the former begins and ends with the mediante, or 
third major. This termination, almost reprobated at pr»* 
sent, was rery common among the Greeks, and is still ao 
in the chants or vocal music of oar churches. 

But here, in consequence of the harmonic generation^ 
the values of the sounds and intervals are not the same as 
^n the first scale. In the first, the interval from sol to la 
was a tone minor, in the;second it is a tone major. In the 
' last place, according to this second arrangement theraare 
three intervals altered or false, viz the tierce major, firom 
fû to &i, too high ; the tierce minor, from la to «/, too 
low ; and the fifth, fi-om la to mt, too high. These are the 
same faults as those of our diatonic scale ; but the tem« 
perament corrects them. 

To these sounds the Greeks afterwards added a con- 
junct tetrachord descending, sty nt, re, ntt, and another as- 
cending, mif/a, sely la; by which they nearly supplied all 
the wants of melody, so far as it was confined to one tone. 
Ptolemy speaks of a combination, by means of which they 
joined the second primitive tetrachord to the first, loweiw 
ing the n a semitone, which made si flat, lUy rtf, mi. This, 
no doubt, answered the purpose when they passed from 
the tone of ui to that of its lower fifth fa; a transition 
common in the Grecian music, as well as in our church 
music ; for in that case a si flat is required. Plutarch also 
speaks of a combination where the two last tetrachords 
were disjoin^, by raising Ùï^fa a semi-tone, and that no 
doubt of its lower octave. Who docs not here perceive 
ovLtfa^y which is necessary when we pass from the tone of 
ut to that of its upper fiftb^l? The strings which corre» 
sponded to si fkt and fa sharp, were no doubt merely 
added, and not substituted in thé room of si and fa. 
It is well knownitèad in the Grecian muac there were 
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tbraegei^epft, vis;» tbediatoDic, chrooaatic, and enbarmonie.' 
What hfts been bitherto said relates only to tbe diatonic. 

What characterises tbe enbarmonic is, that it employs^ 
either ascending or descending, several semitones in 
succei>sion, Tbe chromatic gammut of tbe Greeks was 
^ utf ut sharp, mi, fa, fa sharp, la. This disposition, 
by which they passed immediately from ut sharp to mi^ 
omitting the r^ must no doubt appear very strange^ bat 
it is certain that this was tbe gammut employed by tbè 
Greeks in the chromatic genus. It is however not known 
whether the Greeks had considerable pieces of music of 
this kind, or whether, like us, they employed it only in 
very short passs^s of cantatas ; for we also have a chro* 
matic kind, though in a different acceptation. This trnt^^ 
sition from semi-tones to semi-ton^, is less natural than the 
diatonic succession fbut it has more energy to express cer» 
tain peculiar sensations: tbe Italians therefore, who are 
great colorists in music, make frequent use of it in tbehr airs. 

In regard to the enharmonic musio of the Greeks, though 
considered by the ancients as the most perfect kind, it is 
to us still an enigma. To give some idea of it, let us^ as- 
sume tbe sign *, as that of the enharmonic diesis or sharp, 
which raises the note a quarter of a tone: the enharmonie 
scale then was si, si*, ut, mi, mi*, fa, la, where it appears 
that, after two fourths of a tone, fro» si to u^, or from mi 
to fa, they proceed to mi or la^ It can hardly be con- 
ceived bow there could be ears so w«U exercised as to up» 
preciate fourths of a tone, and even if we suppose that 
there were, what modulation could they make with these 
sounds ? It is however very certain that this kind of music 
was long held in high estimation in Greece ; but on ac- 
count of its diiSculty it was at length abandoned, so that 
not even a fragment of Grecian music in the enharmonic 
kind has been handed down to us; nor any in the chro- 
matic, though we have some in the diatonic. 

We must however here observe, that this enharmonic 
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music of the Greeks is not perhaps so remote from natmre 
as bas been bitberto supposed ; for does not Tartini^ in 
proposing the use of his consonant seventh, which is nearly 
a mean sound between la and si flat, pretend that this in- 
tonation, la, 5i**, si^f re^ re, 5»% «*****, la, is not only support- 
able, but highly agreeable. Tartini does more ; for he as- 
signs to this succession the sounds of its bass, fa, ut, soly 
iolf ut,fa, marking u/ with this sign b"* , which signiBes con- 
sonant seventh. If this pretension of Tartini should find 
partizans, may we not say that the enharmonic music of 
the Greeks has been revived ? 

It now remains that we should say a few words respect- 
ing the modes of the Grecian music. However obscure 
this matter may be, if we can believe the author of JBis^ 
toire des Mathématiques, who founds his ideas on certain 
tables of Ptolem}', these modes are nothing else than the 
tones of our music, and he gives the following comparison. 
The Dorian being taken hypothetically for the mode of 
ut, these modes, some lower than the Dorian and others 
higher, were: 

The Hypodorian • • • corresponding to sol 

The Hypophrygian &i flat 

The Hypophrygian acutior • ... 2a 
The Hypolydian or Hypo-œolian . . . si flat 
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Grecian modes consisted in the greater or less height of 
the tone of the modulation, how can we explain^ what is 
told us of the characters of these différent modes,- some of 
which excited fury, others appeased it. Sic î There is rea^ 
son therefore to think that they depended on something 
more ; and it is not improbable, that besides difference of 
tone, there was a character of modulation peculiar to each* 
The Phrygian, for example, which originated among a 
hardy and warlike people of that name, had a masculine 
and warlike character, while the Lydian, which was de- 
rived from a soft and effeminate people, had an analogous 
character, and consequently was proper for calming the 
transports excited by the former. 

As we have here said enough respecting the^Grecian 
music, we shall now proceed to the modern. 

§11. 

Of the Modem Music» 

Every person acquainted with music knows^ that the 
gammut, or diatonic scale of the moderns, is represented 
by these sounds, ut, re, mi, fa, sol, la, si, ut, which com- 
plete the whole extent of the octave*; and, we sh^li add, 
that from its generation, as explained by Rameau, it fol- 
lows that between ut and re there is a tone major ; from 
re to mi, a tone minor ; from mi to fa, a semitone major ; 
{xoaifa to sol a tone major, as well as from sol to la; from 
la to si a tone minor, and from si to ut a semitone major. 

Hence it is concluded, that in this scale there are three 
intervals, which are not entirely just, viz, the third minor 
from re to fa, and indeed, being composed of a tone minor 
and a semitone major, it is only in the ratio of 27 to 32, 

* Of the seven notes iu the French scale Ut, re» mi, fa, sol, la, «i, four 
only aie generally used among us, as mi, fa, sol, la, which are applied to the 
scale in this order, fa, toi, la, fa, sol, la, mi, fa, and express the natural 
ferles from C. It is of little consequence howerer which method be used} 
the principles still remain the same. 
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which is somewhat less, viz, an 80fch, than that of 5 to 6, 
the}u8t ratio of the sounds which compose the third minor* 

In like manner» the third major, from /a to la^ is too 
high, being composed of two tones major, whereas it oaght 
to be composed of a tone major and a tone minor, to 
be exactly in the ratio of 4 to 5. In the last place, tbcf 
third minor, from la to iif, is also altered, and for the same 
reason as that from re to fa. 

If this disposition of tones major and minor were arbi* 
trary, they might no doubt be arranged in Ach a manner 
that fewer intervals should be altered ; it wonid be saflGicient 
for this purpose to make the tone from ui to re minor, and 
that from re to mi major ; the tone from sol to la might also 
be made minor, and that from la to si major. For it will 
be found, that by this method there would be no more than 
a single third altered ; whereas, according to the other dis« 
position, there are three. This circumstance has given 
rise to disputes among the musicians respecting the distri- 
bution of the tones minor and major ; some being desirous, 
for example, that there should be a tone major between t</ 
and r^, and others a tone minor. The harmonic genera- 
tion of the diatonic scale, as explained by Rameau, will not 
however allow this disposition, but only the former, which 
is that indicated by nature ; and notwithstanding its im^ 
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the ehsracters o( which are exeeedingljr stnUng ta 
possessed of any musical sensibility : these are the nuffor 
mode and the mtnar VMie. The ms^or mode is, when in 
the diatonic scale the third of the tonic note is major; 
such is the third from te/ to mi. The aboye gammut^ er 
diatonic scale, therefore isln the major mode, 
. But if the third of the tonic note be minor, it indieatei 
the minor mode; This mode has its scale as well a» the 
major. Thus, for example, if we assume la as the tonic 
note, the scale of the minor mode ascending will be &i, #1^ 
ui^ re, miyfay sol^y la. We here make use of the term 
ascending, because it is. a singularity of the minor mode^ 
that its scale descending, is different from what It ii as- 
cending ; and indeed in descending we ought to say la, 
sol, fa, mi, re, ut, si, la. If the tone were in ut^ the as* 
cending scale would be ut, re, mi^, fa, sol, kfi, si, ut, and 
descending ut, si^, W", sol, fa, mi^, re, ut. Hence the 
reason why, in airs in the minor mode^ we so often find, 
without the tone being changed, accidental^/^ or sharp», 
or naturals, which soon destroy their effect, or that of 
those which are in the clef. This is one of those singu* 
larities, of the necessity of which the ear made muinciana 
sensible : the cause of it howeyer, which depends on the 
progress of the fundamental bass, was first explained by 
Rameau. 

To these two modes shall we add a third, proposed by 
M. de Blainville, under the name of the mixed mode, the 
generation and properties of which he explains in his His* . 
tory of Music ? His scale is mi, fa, sol, la, si, ut, re, mi. 
We shall here only observe, that musicians do not seem to 
have given a very favourable reception to this new mode, 
and we confess that we are not sufficiently versed in these 
matters to be able to decide whether they are right or 
wrong. But however this may be, the character of the 
major mode is sprightliness and gaiety ; while in the minor 
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mode there is something gloomy and sad, wUch renders 
it peculiarly fitted for expressions of that kind. 

The modern music has its genera as well as the ancient« 
The diatonic is the most common ; and is that most agree- 
able to what is pointed out by nature ; but the modems 
have their chromatic also, and even in certain respects 
their enharmonic, though in a sense somewhat different 
from that assigned to these words by the ancients. 

The modulation is chromatic when several semitones are 
passed over in succession, as if we should say^ff, mt, fm\ 
rf , or solf /fl*, fa mi. It is very rare to have more than 
three or four semitones following each other in this man- 
ner ; yet in an air of the second act of la Zingara^ or the 
Gypsy, an Italian intermède^ there is a whole lower oc- 
tave almost from ut to re in consecutive semitones. It is 
the longest chromatic passage with which we are ac- 
quainted. 

Rameau finds the origin of this progression in the nature 
of the fundamental bass, which, instead of proceeding from 
fifth to fifth, which is its natural movement, proceeds from 
third to third. But it must here be remarked, that in the 
first passage from mi to mt^, there ought strictly to be 
only a semitone minor, and from mi^^ to re a semitone 
major ; but the temperament and constitution of most in- 
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really differ à quarter of a tone, called by the ancients en- 
harmonie, or are in the ratio of 125 to 128. In the diatonic 
enharmonic, the fundamental bass goes on alternately by 
fifths and thirds, and in the chromatic enharmonic it goes 
on alternately by third major and minor. This progression 
introduces, both into the melody and the harmony, sounds 
vrbich, belonging neither to the principal tone nor its rela- 
tives, convey astonishment to the ear, and affect it in a 
harsh and extraordinary manner,, but which are proper for 
certain terrible and violent expressions. It was for this 
reason that Ragoieau employed the diatonic enharmonic in 
the trio of the Fates, in his opera of Hippolitus and Artda ; 
and though he was not able to get it executed, he was 
firmly persuaded that it would have produced a powerful 
effect had he found performers disposed to fall into his 
ideas, so that he suffered it to remain in the partition 
which was printed. He mentions, as a piece of the en- 
harmonic kind, a scene of the Italian opera of CoriolanOf 
beginning with these words, O iniqui Marmil which he 
says is admirable* Specimens of this genus are to be found 
also in two of his own pieces for the harpsichord, the 
Trmmphofite and the Enharmonique, and he did not de^ 
spair of being able to employ the chromatic enharmonic 
at least in symphonies. And why indeed might he not have 
done so, since LocatelK, in his first concertos, employed 
this genus, leaving the flats and sharps to exist, and dis- 
tinguishing for example the re from ww'**. This, says a 
modern historian of music, M • de Blainville, is a piece 
truly infernal^ which throws the soul into a violent state of 
apprehension and terror* 

We cannot terminate this article better than by giving 
a few specimens of the music of difierent nations. For this 
purpose we have caused to be engraved some Grecian, 
Persian, Chinese, Armenian and Tartar airs, which will 
serve to give an idea of the modulation that characterises 
the music of these people (plate 16). 

VOL. II. A A 
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ARTICLE IX. 

Musical Paradoxes. 

§1. 

Jt is impossible to intonaie justly the/oUowing intervals^ so), 
ut, la, re, sol ; that is to say^ the interval between sol and 
ut ascending, that from ut to la re-dcscending from third 
minor y then ascending from fourth to tq, and that between 
re and sol descending from Jifth, and to make the second 
sol in unison xtnth the first* 

It will be found indeed by calculation» that if the first 
sol be represented by 1, theu/, ascending from fourth^ wiU 
be 4 ; consequently the Uy descending from third minor, 
will be -^ ; the re above then will be |^, and in the last 
place the '^9 descending from fifth, will be f^ But the 
sound represented by f^, is lower than that represented by 
\y therefore the last sol is lower than the first. 

But how comes it that experience is contrary to this cal* 
culation ? In answer to this question we shall observe» that 
the difference arises merely from the remembrance of the 
first tone soL If the ear however were not affected by this 
tone, and if the performer's whole attention were directed 
to the just intonation of the above intervals, it is evident 
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tbs last ^ should always be lower, by a comma, than the 
first. 

§11. 

Jn insêrumeras constructed with keys^ such as the harpsi- 
chordj it is impçssible that the thirds and the fifths should 
be both just. 

This may be easily demonstrated in the following man- 
iier.-^Let there be a series of tones, fifths to each other as- 
ci»idiDg, as uty sol^ re, la, mi; if t^ be denoted by I, sol 
urill be f , re $, la ^«7., mi^: this mi ought to form thé 
third major with the double cictave of ut or |^, that is to 
^•ay they ought to be in the ratio of 1 to 4, or of 5 to 4, or 
of 80 to 64 ; but this is not the dlie, for ^ and 14 are to 
each other as 81 to 64 : this 9712 therefore does not form the 
third major with the double octaLve of ut; or if both are 
lowered from the double octave, ut and mi are not thirds 
to each other, if mi is a just fifth to la. 

In instruments with keys then, such as the harpsichord, 
however well tuned, all the intervals, the octaves e^ccepted, 
are either false or altered. This necessarily follows from 
the manner in which that instrument is tuned ; for when 
all the ufs are made octaves to each other, as they ought 
to be, the sol is made the fifth to ut^ re the fifth to sol, and 
the octave is lowered, because it is too high ; la is then miade 
the fifth to re, thus lowered, and mi the fifth to la, and this 
tnih loweiii^i from octave. By continuing in this mannet 
to ascend twice from fifth, and then to descend from ootave^ 
the series of sounds si,/a , ttt , sol^, re^, fa*, wit*, w* 
are obtained. But the latter si , which ought at most to 
be in unison with die ut, the octave of the first, is found 
to be higher ; for calculation shows that it is expressed 
by ifiij} , which is less than i the. value of the octave of 
ut: this renders necessary what is called temperament^ 
which consists in lowering gently and equally ail the fifths, 
§0 that the latter ^t* is found to be exactly the octave of 
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the first tt/. Such at least is the method taught by Ha- 
meau, and it is no doubt the most rational. But whatever 
may be the method employed, it always consists in reject- 
ing in a more or less equal manner from the notes of the 
octave, this excess of «* above uf , which cannot bè done 
without altering, in some measure, the fifths, thirds, 8&c« 

We have just seen that the w'*, given by the progres- 
sion of fifths, is higher than ui; but if the following pro- 
gression of thirds be employed, ut, mi, lof ^, n^f this «t* 
will be very different from the former ; for it will be finind 
that it is expressed by iW-, while the octave of ut is {.. Bat 
i is less than ^, consequently this ti^ is below ui ex- 
pressed by 4, and the interval of these two sounds is ex- 
pressed by the ratio of^l28 to 125, which is the fourth of 
the enhannonic tone. 

§in. . 

jt lower note^for example re, affected by a sharps is not the 
same thing as the higher note, mi, affected by aflat; and 
the case is the same with other notes which are a whole 
tone distant from each other. 

The sharps are generally given by the major mode, and 
eveA by the minor, provided the subtonic note is not disr 
tant from the tonic more than a semitone major, as the 
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minor mode^ when it is necessary to lower the note a third, 
s6 that it shall form with the tonic a third minor : mi flat 
therefore ought to form with ut a third minor : conse- 
quently if from the third major ut mij which is |, we take 
the third minor, which is ^j the remainder 4f is the qnao- 
tity which expresses how much the flat lowers the mi be- 
low the natural tone : mi flat thea is higher than re sharp. 
* In practice however the one is taken for the other^espe* 
cially in instruments constructed with keys: the flat in 
these is lowered, and the sharp gradually raised, till they 
coincide with each other ; and we do not know whether 
practice-would gain much by making a distinction between 
them. 

ARTICLE X. 

On the cause of the pleasure arising from music^The effects 
of it on man and on animals. 

It has often been asked, why two sounds, which form to 
each other the fifth and the third, excite pleasure, while 
the ear experiences a disagreeable sensation by hearing 
sounds which are no more than a tone or a semitone dis- 
tant from each other. Though it is difficult to answer this 
question, the following observations may tend to throw 
some light on it. 

Pleasure, we are told, arises from the perception of re- 
lations, as may be proved by various examples taken from 
the arts. The pleasure therefore derived from music, 
consists in the perception of the relations of sounds. But 
are these relations sufficiently simple for the soul to per^ 
ceive and distinguish their order? Sounds will please when 
heard together in a certain order ; but, on the other hand, 
they will displease if their relations are too complex, or if 
they are absolutely destitute of order. 

This reasoning will be sufficiently proved by an enumera^ 
tion of the known concords. In unison, the vibrations of 
two sounds continually coincide throughout the whole time 
of their duration; this is the simplest kind of relation. 
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Unison also is the first concord. In tfie octave, the tw<> 
sounds, of which it is composed, perforin their vibration» 
in such a manner, that two of the one are completed in the 
same time as two of the other. Thus unison is succeeded 
by the octave. It is so natural to man, that he who, through 
some defect in his voice, cannot reach a sound too grave 
or too acute, falls into the higher or lower octave. 

When the vibrations of two sounds are performed ia 
such a manner, that three of the one correspond to one of 
the other, these give the simplest relation, next to those 
above mentioned. Who does not know, that the concord 
most agreeable to the ear is the twelfth, or the octave of 
the fifth ? In this respect it even surpasses the fifth, th9 
ratio of which, a little more compounded, is that of 2 to 3* 

Next to the fifth is the double octave of the third, or 
the seventeenth major, which is expressed by the ratio of 
1 to 3. This concord therefore, next to the twelfth, is the 
most agreeable ; and if it be lowered from the double oc* 
tave, to obtain the third, it will still be in consonance ; tho 
ratio of 4 to 5, by which it is then expressed, being very 
simple. 

In the last place, the fourth, expressed by {, the third 
minor, expressed by i, and the sixths, both major and 
minor, expressed by •{. and |, are concords, and for the 
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The following very tf rong objection however may be 
made to this reasoning. How can the pleasure arising 
from concords consist in the perception of relations, since 
the soul often does not know whether such relations exist 
between the sounds i The most ignorani person is no less 
pleased with a harmonious concert than he who has caIcu-« 
lated the relation of all its parts : what has hitherto been 
said may therefore be more ingenious than solid. 

We cannot help acknowledging that we are rather in- 
clined to think so ; and it appears to us that the celebrated 
experiment on the resonance of sonorous bodies, may serve 
to account, in a still more plausible manner, for the plea* 
sure arising from concords ; because, as every sound de* 
generates into mere noise, when not accompanied by its 
twelfth and its seventeenth major, besides its octaves, is 
it not evident that, when we combine any sound with its 
twelfth or its seventeenth major, or with both at the same 
time, we only imitate the process of nature, by giving to 
that sound, in a fuller and more sensible manner, the ac- 
companiment which nature itself gives it, and wjiich can- 
not fail to please the ear on account of the habit it has ac- 
quired of hearing them together ? This is so agreeable to 
truth, that there are only two primitive concords, the 
twelfth and the seventeenth major; and that the rest, as 
the fifth, the third major, the fourth, and the sixth, are de- 
rived from them. We know also that these two primitive 
concords are the most perfect of all, and that they form 
the most agreeable accompaniment that can be given to 
any sound ; though on the harpsichord, for example, to 
facilitate execution, the third major and the fifth itself, 
which with the octave form what is called perfect harmony, 
are substituted in their stead. But this harmony is perfect 
only by representation, and the most perfect of all would 
be that in which the twelfth and the seventeenth were com- 
bined with the fundamental sound and its octaves. Ra- 
meau therefore adopted it as often as he could in his 
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choruses, and particularly in his Pygmalion. Wc might 
enlarge farther on this idea, but what has been already 
said will be sufficient for every intelligent reader. 

Some very extraordinary things are related in regard to 
the eflFects produced by the music of the ancients, which' 
on account of their singularity we shall here mention. 
We shall then examine them more minutely, and show 
that, in this respect, the modern music is not inferior to 
the ancient. 

Agamemnon, it is said, when he set out on the expedi- 
tion against Troy, being desirous to secure the fidelity of 
his wife, left her under the care of a Dorian musician, who 
by the effect of his airs rendered fruitless, for a long time, 
the attempts of ^gistbus to obtain her affection ; but that 
Prince having discovered the cause of her resistance, got 
the musician put to death, after which he triumphed with- 
out difficu ty over the virtue of Clytemnestra. 

We are told also that, at a later period, Pythagoras com- 
posed songs or airs capable of curing the most violent pas- 
sions, and of recalling men to the paths of virtue and 
moderation : while the physician prescribes draughts for 
curm^ bodily diseases, an able musician might therefore 
prescribe an air for rooting out a vicious passion. 

The story of Tunotheus, the director of the music of 
Alexander the Great, is well known.— One day, while the 
prince was at table, Timotheus performed an air in the 
Phrygian mode, which made such an impression on him 
that, being already heated with wine, be flew to his arms, 
and was going to attack his guests, had not Tunotheus 
imujod lately changed the style of his performance to the 
Sub-Phrygian. This mode calmed the impetuous fury of 
the monarcl), who resumed his place at table. This was 
the same Timotheus who, at Sparta, experienced the 
humihation of seeing publicly suppressed four strings which 
he had added to his lyre. The severe Spartans thought, 
that this innovation would tend to effeminate the manners^^ 
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hy introducing a mpre extensive and more variegated kind 
of music. This a,^ any rate proves that the Greeks were 
convinced that o^usic had a peculiar influence on manners; 
and that it was the duty of government to keep a watch- 
ful eye over that art. 

Who indeed can doubt that music is capable of pro- 
ducing such an effect i Let us only interrogate ourselves,, 
and examine what have been our sensations on hearing a 
ipajestic or warlike piece of music, or a tender and patiietic 
air sunpr or played with expression. Who does not feel 
that the latter tends as much to melt the soul, and dispose 
it to pleasure^ as the former to rouse and exalt it ? Several 
facts in regard to the modern music place it on a level in 
this respect with the ancient. 

The modern music indeed has also had itsTimotheus^who. 
could excite or calm, at bis pleasure, the most impetuous 
emotions. Henry III. king of France, says le Journal de 
Sana/, having given a concert on occasion of the iparriage 
of the Duke de Joyeuse, Claudin le Jeune, a celebrated, 
musician of that period, executed certain airs, which had 
such an effect on a young nobleman, that he drew his 
sword and challenged every one near him to combat ; but 
Claudin, equally prudent as Timotheus, instantly changed 
to an air, apparently Sub-Phrygian, which appeased the 
furious youth. 

But, what shall we say of Stradella, the celebrated corn-» 
poser, whose music made the daggers drop from the bands 
of his assassins? Stradella having carried off the mistress 
of a Venetian musician, and retired with her to Rome, the 
Venetian hired three desperadoes to assassinate him \ but 
fortunately for Stradella they had an ear sensible to har- 
mony. These assassins, while w^aiting for a favourable 
opportunity to execute their purpose, entered the «hurch 
of St. John de Latran, during the performance of an 
Oratorio composed by the person whom they intended to 
destroy, and were so affected by the music, that they 
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abandoned their design, and even waited on the nmnckif 
to forewarn him of his danger. Stradella however was 
not always so fortunate ; other assassins, who apparently 
had no ear for music, stabbed him some time after at 
Genoa: this event took place about the year 1670. 

Every person almost has heard that music is a cure for 
the bite of the tarantula^ This cure, which was formerly 
considered as certain, has by some been contested : but, 
however this may be. Father Schott, in his Musurgia 
Curiosa^ gives the tarantula air, whicib appears to be very 
dull, as well as that employed by the Sicilian âshermen to 
entice the thunny fish into their nets. 

Various anecdotes are related respecting persons whose 
lives have been preserved, by music effecting a sort of 
revolution in their constitutions. A woman being attacked 
for several months with the vapours, and confined_to her 
apartment, had resolved to starve herself to death : she 
was however prevailed on, but not without difficulty, to 
see a representation of the Serva Pudrana, at the con* 
elusion of which she found herself almost cured, and, re- 
nouncing her melancholy resolution, was entirely restored 
to health by a few more representations of the like kind. 

There is a celebrated air in Swisserland, called Banz des 
Faehcs* which bad such an extraordinary effect 
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to show signs of attention^ and some peculiar sensation by 
howling. 

The most singular fact however is that mentioned by 
Bonnet, in his History of Music. This author relates that 
an oflScer, being shut up in the Bastille, had permission 
to carry with him a lute, on which he was an excellent 
performer ; but he had scarcely made use of it for three 
or four days, when the mice j^suing from their holes, and 
the spiders suspending themselves from the ceiling by their 
threads, assembled around him to participate in his melody* 
His aversion to these animals made their visit at first dis- 
agreeable, and induced him to lay aside his recreation ; 
but he was soon so accustomed to them, that they bc^came 
a source of amusement. We are informed by the same 
author, that he saw, in 1688, at the country seat of I^ord 
Portland, the English ambassador in Holland, a gallery ia 
a stable, employed, as he was told, for giving a concert 
once a week to the horses, which seemed to be much 
affected by the music. This, it must be allowed, was 
carrying attention to horses to a very great length. But 
it is not improbable that this anecdote was told to Bonnet 
by some person, in order to make game of him, 

ARTICLE XI. 

Of the properties of certain instruments ^ and particularly 
wind instruments. 

h We are perfectly well acquainted with the manner 
in which stringed instruments emit their sounds; but 
erroneous Ideas were long entertained in regard to wind 
instruments, such as the fiute ; for the sound was ascribed 
to the interior surface of the tube. The celebrated Eulef 
first rectified this error, and it results from his researches : 
-«-ist. That the sound produced by a flute, is nothing else 
than that of the cylinder of air contained in it.— -2d. That 
sthe weight of the atmosphere which compresses it, acts 
the part of a stretching weight — 3d. That the sound of 



364 



MUSICAL 1N8TBTJMK1ITS. 



this cylinder of air, is exactly the same as that winch' 
would be produced by a string of the same mass and length, 
extended by a weight equal to that which compressés the 
base of the cylinder. 

This fact is confirmed by experiment and calculation : 
for Euler found that a cylinder of air, of .7^ Rhinlandish 
feet, at a time when the barometer is at a ^mean height, 
must give C — sol — ut ; and such is nearly the length of 
the open pipe of an organ which emits that sound. The 
reason of its being made generally 8 feet is, because that 
length is required at those times when the weight of' the 
atmosphere is greater. 

Since the weight of the atmosphere produces, in reg^ard 
to the sounding cylinder of air, the same effect as that 
produced by the weight which stretches a string, the more 
that weight is increased, the more will the sound be ele- 
vated ; it is therefore observed that during serene warm 
weather, the tone of wind instruments is raised ; and that 
during cold and stormy weather it is lowered. These 
instruments also e'mit a higher sound, in proportion as 
they are heated ; because the mass of the cylinder of heated 
air becoming less, while the weight of the atmosphere 
remains unchanged, the case is exactly the same as if a 




MUSICAL INSTRUMENTS. S65 

will be produced; if you blow a little stronger, the toae» 
instantly rises to the octave ; and by blowing successiveljr 
with more forcej you will produce the twelfth, or fifth 
above the octave ; then the double octave or seventeenth 
major. 

The cause of this effect is the division of the cylinder 
of air contained in the instrument: when you breathe inte 
the flute gently, the whole column resounds, and it emits 
the lowest tone ; but if you endeavour, by a s(tronger in- 
spiration, to make it perform quicker. vibrations, it divides 
itself into two parts, which perform their vibrations sepa* 
rately, and which consequently must give the octave : a 
still stronger inspiration makes the column divide itself 
into three portions, which give the twelfth, &c. 

til. It remains for us to speak of the trumpet mariné. 
This instrument is only a monochord of a singular con* 
struction, being composed of three boards that form a 
triangular body. It has a very long neck, and one thick 
string, mounted on a bridge, which is firm on the one side^ 
and tremulous on the other. It is struck by a bow with 
one hand, and with the other the string is stopped or 
pressed on the neck by means of the thumb, appUed to 
the divisions indicated for the different tones. — The 
trembling of the bridge, when the string is struck, makes it 
-imitate the sound of the trumpet ; and this it does to such 
perfection, that it is scarcely possible to distinguish the 
one fronrthe other. Hence it had its name : but whereas 
in common stringed instruments the tone becomes lower 
as the part of the string struck is longer, the case here ia 
the contrary; for if the half of the string, for example, 
gives utf the two thirds give the sol above, and the three 
fourths give the octave.. 

M. Sauveur first assigned the reason of this singularit3% 
and proved it in a sensible manner, by showing that when 
the string, by the gentle application of the finger, is 
divided into two parts which are to each other as I to 1^ 
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whatever part be touched, the greater immediately divides 
itself into two equal portions» which consequently perforra 
their vibrations in the same time, and give the same sound 
as the less. But the less being die third of the whole^ and 
the two thirds of the half, it must give the fifth or 9oL 
when the half gives ut. In like manner, the three fourths 
of the string divide themselves into three portions, eaek 
equal to the remaining fourth, and as they perform their 
vibrations separately, they must emit the same sounds 
which can be only the octave of the half. The case is the 
same with the other sounds of the trumpet marine^ which 
may be easily explained on the same principle. 



ARTICLE XII. 



Of afixti sùund ; method of preserving and transmiiting it. 

Before the effects of the temperature of the air où 
sound, and on the instruments by which it is produced^ 
were known, this would not have formed the subject of a 
question, but to the few possessed of an ear exceedingly 
fine and delicate, and in which the remembrance of a tone 
is perfect : to others no doubt would remain that a flute, 
not altered, would always give the same tone. Such an 
opinion however would be erroneous, and if the means of 
transmitting to St. Domingo, for example, or to Quito, or 
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of air in a flute, l the length of that column, and w its 
weight, the number of the vibrations it makes will be ex* 
pressed by »/ — , that is to say, will be in the compound 
ratio of the square root of g, or the compressing weight 
taken directly, and the product of the length by the weight 
taken inversely. Let us suppose then that the length of 
the column of air put in vibration is invariable, and that 
the gravity of the atmosphere only, or g, is variable, as 
well as the weight of the vibrating column. In this case 
we shall have the number of the vibrations proportional to 
the expression y/—. But the density of any stratum of 
air being proportional to the whole weight of that part of 
the atmosphere immediately above it, it thence follows 
that w, which in equal lengths is as the density, is as o. 
The fraction ^ therefore is constantly the same, when 
difference of heat does not alter the density. The square 
root of — then is always the same ; consequently there 
will be no variation in the number of the vibrations, or in 
the tone, at whatever height in the atmosphere the instru- 
ment may be situated, or whatever be the gravity of the 
air, provided its temperature has not changed. 

This reasoning, in our opinion, is unanswerable; and 
if the gravity of the air has hitherto been reckoned among 
those causes which alter the tone of wind instruments, it 
is because it has been implicitly believed that the weight 
of the column of air put in vibration is invariable. It is 
however evident that under the same temperature it must 
be more or less dense, according to the greater or less 
density of the atmosphere ; since it has a communication 
with the surrounding stratum of air, the density of which 
is proportional to that gravity. But the gravity in equal 
volumes is proportional to the density; therefore, &c. 

Nothing then remains to be considered but the tempera- 
ture of the air, which is the only cause that can produce 
rariations in the tone of a wind instrument* But wbafteyer 



5G6 



whatever \ -i tone might be 

itself int(. * purpose provide 

their vil> :.ie cylinder of air 

as the h cned by moving the 

the tw . ,Sa otlier ; and have 

when ... • invariable, and which 

of th . ? temperature, such as 

cqiia ...meter. The first flute 

vib» erature, bring them both 

wh - heat the first to 74° of 

sa? ->-.iily commuhiciite to the 

n^ .: the same degree of heat, 

: ty necessary to restore per- 

ihat if this elongation were 

. • of them would represent the 

? .:e ought to be lengthened for 

c :'s thermometer. 

.. V conceived that the quantity of 

^ • i: most would be but a few Hues, 

•:o so many parts ; and therefore it 

.... .n- the motion of a screw, that is to 

.^ ,m' the instrument should be screwed 

. . •: would then be easy to make this 

.^ c J to a whole revolution, and hence it 




MUSIC AND MECHANICS. 869 

of controversy, ît has occasioned some diflerence of opinion 
among a certain class of mechanicians. 

Fasten a string at one end to a fixed point ; and}iaving 
stretched it over a kind of bridge, suspend from it a weight, 
such as 10 pounds for example. 

Now if, instead of the fixed point, which maintains the 
string in its place in opposition to the action of the weight, 
a weight equal to the former be substituted, will the string 
in both cases be equally stretched ? 

We have no doubt that every well informed mechanician 
will readily believe that in both cases the tension will be 
the same ; and this necessarily follows from the principle 
of equality between action and re-action. According to • 
this principle, the immoveable point, which in the first 
case counteracts the weight suspended from the other end 
of the string, opposes to it a resistance exactly equal to 
the action which it exercises : if a weight equal to the 
former be therefore substituted instead of the fixed point, 
every thing remains equal in regard to the tension ex- 
perienced by the parts of the string, and which tends to 
separate them. 

But music furnishes us with a method of proving this 
truth to the reason, by means of the sense of hearing ; for 
as the tone is not altered while the tension remains the 
same, nothing is necessary but to make the following ex- 
periment. Take two strings of the same metal, and the 
same size, and having fastened one of them by one end to 
a fixed point, stretch it over a bridge, so as to intercept 
between it and the fixed point a determinate length, such 
as a foot for example ; and suspend from the other end of 
it a given weight, such as 10 pounds. Then extend the 
second string over two bridges, a foot distant from each 
other, and suspend from each extremity of it a weight of 
10 pounds; if the tone of these two strings be the same, 
there will be reason to conclude that the tension also is the 
same. We do not know whether this experiment wai ever 
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made ; but we will venture to assert that it will decide ia 
favour of equality of tension. 

This ingenious application of music to mechanics, is 
the invention of Didcroti who proposed it in his MeiÊumm 
sur dijfercnUs s^i^s de Matkemêiique et de Pkjfsifm, 
printed at Paris in octavo in the year 1748. 

AKTICLE XIV. 

SomesipîgtilarcansiMrÊiioHsiH ir^ oi^/o the flats andJuafs^ 
and to their prog^ressim on tkeù^ d^erent tones. 

Those in the least acquainted with music know ùê^ 
according to the difierent keys employed in modulatioB, 
a certain number of simrps or flats are required ; because m 
the major mode, the diatonic scale^ with whatever tone we 
begin, must be similar to that of m/» which is the simplest 
of all, as it has neither sharp nor flat. These flats or sharps 
have u singular progress, wliich deserves to be observed^ 
it is even susceptible of a sort of analysis, and as we may 
say algebraic calculation. 

To give some idea of it, we shall first remark, that a flat 
may and ought to be considered as a negative sharp, since 
its cfiect is to lower the note a semitone, whereas the sharp 
raises it the same quantity. This consideration alone may 
serve to determine all the sharps and flats of the diflerent 
tones. 

It may be readily seen that when a melody in ut major 
is raised a fifth, or brought to the tone of sol, a sharp is 
required on the^a. It may therefore be thence concluded, 
that this modulation, lowered a fifth or brought to /à, will 
require a flat ; and indeed one is required on the ^ 

It hence follows also, that if the air be raised another 
fifth, that is to say to re, one sharp more will be required; 
and this is the reason why two are necessary. But to rise 
two fifths, and then descend an octave to approach the 
primitive tone, is to rise only one tone ; consequently to 
raise the air one tone, two sharps must be added. The 
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tone of re indeed requires two sharps, and for tbe same 
reason the tone of mi requires four. 
• The tone of^ requires one flat) and that of mi requires 
four sharps; therefore, when an air is raised a semitone, 
five flats must be added ; for, a flat being a negative sharp, 
it is evident that such a number of flats must be added to 
the four sharps of mi, as shall eflace these four sharps, and 
leave one flat remaining; which cannot be done but by 
five flats, for, according to the language of analysis, — Sx 
must be added to 4x, to leave as remainder-^r. For the 
same reason, if the modulation be lowered a semitone/five 
sharps must be added : thus, as the tone of ut has neither 
sharps nor flats, five sharps will be found necessary for si^ 
which is indeed the case. If tbe modulation be still 
lowered a tone, to be in /a, we must add two flats, in the 
same manner as two sharps are added when we rise a tone. 
But five sharps plus two flats, is the same thing as five 
sharps minus two sharps, or three sharps. We still find 
therefore, by this method, tlytt the tone of la requires three 
sharps. 

But, before we proceed farther, it will be necessary to 
observe, that all the chromatic tones, that is to say all 
those inserted between the tones of the natural diatonic 
scale, may be considered as sharps or flats ; for it is evident 
that t^ or re^ are the same thing. It is very singular 
however, that according as this note is considered an in- 
ferior one aflected by a sharp, or a superior one aflfected 
by a flat, the number of sharps required by the tone of the 
first, u^, for example, and that of the flats required by 
the tone of the second, re^, always make 12; which 
evidently arises from the division of the octave into l€ 
semitones : therefore, since re^, as above shown, requires 
five flats, if, instead of this tone, we consider it as «/*, 
seven sharps will be required ; but for the facility of exe- 
cution it is much better, in the present case, to consider 
this tone as re^, than u/^. 

B B 2 
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This change therefore ought always to be made when 
the number of the sharps exceeds six ; so that, since ten 
sbarpsy for example, would be found in the tone ofU/^^ we 
must call it sï^j and we shall have for that-tone two flats^ 
because two flats are the complement of ten sharps. On 
the other hand, in following the progression of the semi* 
tones descending, if we should find a greater number of 
sharps. than 12, we ought to reject Id, and the remainder 
will be that of the tone proposed : for example, as ut has 
neither sharp nor flat, we have five sharps for the lowe^ 
tone ti; ten sharps for the semitone below /a^7 fifteen 
sharps for the still lower semitone la: if twelve sharps 
therefore be rejected, there will remain three, which are 
indeed the number of sharps necessary in the tone of A— 

The tone of sofi ought to have 8 or 4 flats, if we call it Ui^. 

The tone of sol will have 13 sharps, from which if 12 be 
deducted, one sharp will remain, as is well known. 

The tone offJ^ will have 6 sharps, or 6 flats, if we call 
it sofi. 

The toneyâ ought to have 6 flats plus 5 sharps ; that is, 
1 flat, as the 5 sharps destroy the same number of flats. 

That of mi will have 1 flat plus 5 sharps ; that is 4 
sharps, as the flat destroys one of them. 

That of re^ will have 9 sharps or S flats, if it be con* 
sidered as mià. 

That of re will have 14 sharps; that is to say f, by re* 
jecting 12, ov S flats plus 5 sharps s 2 sharps. 

That of ut will have 7 sharps, or 5 flats, if we call it ré^. 

lii the last place, the tone ut natural will have 12 sharps; 
that is, none, or 5 flats plus 5 sharps, which destroy each 
other. 

The very same results would be obtained in ascending 
by semitone after semitone from m/, and adding 5 flats for 
each; taking care to reject 12 when they exceed that 
number. Our readers, by way of amusement, may make 
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the calculation. By .calculating thç number of the semU 
tones^ either ascending or descending^ we might in like 
manner find that of the sharps or flats of any tone given. 

Let us take, for example, that of,/a^ : from ut ascend- 
ing there are six semitones, and six times 5 flats makes 30 
flats; from which if we deduct 24, a multiple of 12, the 
remainder will be 6 : soP* therefore wiU^have 6 flats. 

The same /a is 6 tones lower than ut; consequently 
there must be 6 times 5 or 30 sharps ; from which if 24 . 
be deducted, 6 sharps will remain, as we have found by 
another method. 

The tone of sol is 5 semitones lower than ut; conse- 
quently there must be 5 times 5, or 25 sharps ; from which 
if 24 be deducted, there will remain only one sharp. 

As the same tone is 7 semitones higher than u/, there 
must be 7 times 5 or 35 flats ; from which if 24 be de- 
ducted, the remainder will be 11 flats, that is, one sharp. 

This progression appeared to us so curious as to be 
worthy of this notice ; but in order that it may be ex- 
hibited under a clearer and more favourable point of view, 
we shall form it into a table, which will at any rate be 
useful to those who are beginning to play on the harpsi- 
chord. For this purpose we shall present each chromatic 
note as flattened or sharpened, and on the left of the 
former we shall mark the sharps it requires, and the flato 
on the right of the latter. 
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3 sharps • 

10 sharps • 

5 sharps . 

sharp . 



fa* 



la* . . 
or «*** 
si* . . 
a/* . . 



2 flats 



flat 



Of these tones, we have marked those usually employed 
with a ♦ ; for it may be easily conceived that by employ- 
ing re* under this form, we should have 9 sharps, which 
would give two notes with double sharps, viz^i**, w/**; 
so that the gamut would be re* wi*, or fa^ /a**, or sol, 
sol^f la^f si^ or w/, w/** or re, re* ; which it would be 
exceedingly difficult to execute : but by taking mf, in- 
stead of re*, we have only 3 flats, which renders the 
gamut much simpler, as it then becomes 

m^ffa, soly la^^ J2*, ut,rey wi* 

We are almost inclined to ask pardon of our readers for 
having amused them with this frivolous speculation; but 
we hope the title of our work will plead our excuse. 

ARTICLE XV. 

Method of improving barrel-instruments ^ and of making 
them fit to execute airs of every kind* 

The mechanism of that instrument, called the barrel 
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properly comprehended^ it will be necessary that the 
reader should have a perfect idea of the manner in which 
the notes are arranged on the cylinder. ' ' ' 

The different small levers, which must be raised to pro* 
duce the different tones, being placed at a certain distance 
from each other, that of half an inch for example, circular 
lines are traced out at that distance on the cylinder. One 
of these lines is intended for receiving the spikes that pro- 
duce the sound uty the next for those that sound ut^^ the 
next for those that give re^ and so on. There are as 
many lines of this kind as there are pipes ; but it may be 
easily conceived that the duration of an air or tune cannot 
exceed one revolution of the cylinder. 

Let us suppose then that the air consists of 12 measures. 
Each of these circumferences is divided into 12 equal 
parts at least, by 12 lines drawn parallel to the axis of the 
cylinder ; and if we suppose that the shortest note of the 
air is a quaver, and that the air is in triple time, denoted 
by I-, each interval must be divided into six equal portions; 
because, in this case, a measure will contain six quavers. 
Let us now suppose that the first notes of the air are /a, 
w/, si y re y tit, mi, re, &c, all equal notes, and all simple 
crotchets. At the beginning of the line for receiving the 
la, and of the first measure, a spike must be placed of 
such a construction, as to keep raised up during the third 
of a measure the small lever that makes the la sound ; 
then, in the line destined for the ut, at the end of the 
second division or beginning of the third, a spike similar 
to the first must be fixed in the cylinder ; and in the Fme 
destined for the si, another of the same kind must be 
placed ; it is evident that, when the cylinder begins to 
turn, the first spike will make la sound during the third of 
a measure. The second, as soon as the first third of the 
measure is elapsed, will catch the lever and make ui 
sound ; and the third will in like manner ouike si sound 
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during the last third. The instrument therefore will say 
la, utf si, &c. 

If, instead of three crotchets^ there were six quaTen» 
which in this measure are the first long, the second short, 
the third long, and so on alternately, which are called 
dotted quavers, it may be easily perceived that after thft 
spikes of the first, third, and fifth notes, have been fixed 
in the respective places of the division where they ought 
to be, nothing will be necessary but to take care that the 
spike of the first quaver, which in this time ought to be 
equal to a quaver and a half, shall have its head constructed 
in such a manner as to raise the lever during one part and 
a half of the six divisions into which the measure is divided ; 
which may be done by giving it a tail behind of the neces- 
sary length. In regard to the short quavers, the spikes 
representing them ought to be removed back half a di- 
vision, and to be formed in such a manner, as to keep the 
lever corresponding to them raised up only during the re- 
volution of a semidivision of the cylinder. By these ex* 
amples it may be easily seen what must be done in the 
other cases, that is, when the notes have other values. 

Were the cylinder immoveable in the direction of its 
axis, only one air could be performed ; but as the spikes 
move the small levers merely by touching them beneath 
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if the cylinder be moved a little in the direction of its axis 
the air may be changed. 

Such is the mechanism of the hand or barrel organ, and 
other instruments constructed on the same principle ; but 
it may be easily seen that they are attended with this in- 
convenience, that they can perform only a very small 
number of airs. But as a series of five, six, eight, or a 
dozen of tunes, is soon exhausted, it might be a matter of 
some importance to discover a method by which they 
might be changed at pleasure. 

We agree in opinion with Diderot, who has given some 
observations on this subject, in the work above quoted, 
that this purpose might be answered by constructing the 
cylinder in the following manner. Let it be composed of 
a pijBce of solid wood,. covered with a very hard cushion, 
and let the whole be pushed into a hollow cylinder, of 
about a line in thickness. On this inner cylinder draw the 
lines destined to receive the spikes, placed at the proper 
intervals for producing the different tones ; and let holes 
be pierced in these lines at certain distances, six for ex- 
ample in each division of the measure if it be triple time, 
or eight in the measure if it be common time, denoted by 
c : we here suppose that no air is to be set that has shorter 
notes than plane quavers. Twelve holes per measui:e will 
be required in the first case, and sixteen in the second, if 
the air contains semi-quavers» 

It may now be readily conceived that on a cylinder of 
this' kind any air whatever might be set; nothing will be 
necessary for this purpose, but to thrust into the holes of 
the exterior cylinder spikes of the proper length, taking 
care to arrange them as above explained ; they will be suf- 
ficiently firm in their places in consequence of the elas- 
ticity of the cushion *, strongly compressed between the 
inner cylinder and the hollow outer one. When the air 

• Might not cork be employed iostead of the cnriiioii here piopoeed I 
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is to be changed, the spikes may be drawn out, and put 
into a box divided into small cells, in the same manner as 
printing types when distributed in the cases. The interior 
cylinder may then be made to revolve a little, in order to 
separate the holes in the cushion from those in the exterior 
cylinder, and a new air may then be set with as much fa- 
cility as the former. 

]We shall not examine, with Diderot, all the advantages 
of such an instrument, because it roust be allowed that it 
never can be of much utility, and will have no value in 
the eyes of the musician. It is however certain that it 
would be agreeable, for those who possess such instru- 
ments, to be able to give more variety to the airs they are 
capable of performing ; and this end would be answered 
by the construction here described. 

ARTICLE XVI. 

Of some musical instruments er machines remarkable for 
their singularity or construction. 

At the head of all these musical instruments, or ma- 
chines, we ought doubtless to place the organ ; the extent 
and variety of the tones of which would excite much more 
admiration, were it not so common in our churches ; for, 
besides the artifice necessary to produce the tones by means 
of keys, what ingenuity must have been required to con- 
trive mechanism for giving that variety of character to the 
tones^ which is obtaînexl by means of the different stops, 
such as those called the voice stopj flute stop, &c ? A com- 
plete description therefore of an organ, and of its con- 
struction, would be sufficient to occupy a large volume. 

Tbb ancients had hydraulic organs, that is, organs the 
sound of which was occasioned by air produced by the 
motion of water. These machines were invented by 
Ctesibius of Alexandria, and his scholar Herol From the 
description of these hydraulic organs, given by Vitruvius, 
in the tenth book of his Architecture, Perrault constructed 
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one which he deposited in the King's library, where the 
Royal Academy of Sciences held their sittings. This in- 
strument indeed is not to be compared to the modem 
organs; but it is evident that the mechanism of it has 
served as a basis for that of ours. St. Jerome speaks with 
enthusiasm of an organ which had twelve pair of bellows, 
and which could be heard at the distance of a mile. It 
thence appears that the method employed by Ctesibius, to 
produce air to fill the wind-box, was soon laid aside, for 
one more simple ; that is, for a pair of bellows. 

The performer on the tambour de basque^ and the au- 
tomaton flute-player of Vaucanson, which were exhibited 
and seen with admiration in most parts of Europe, in the 
year 1 749, may be classed among the most curious musical 
machines ever invented.^ We shall not however say any 
thing of the former of these machines, because the latter 
appears to have been far more complex. 

The automaton flute-player performed several airs on 
the flute, with the precision and correctness of the most 
expert musician. It held the flute in the usual manner, 
and produced the tone by means of its mouth ; while its 
fingers applied on the holes produced the diflerent notes. 
It is well known how the fingers might be raised by spikes 
fixed in a cylinder, so as to produce these sounds ; but it 
is difficult to conceive how that part could be executed 
which is performed by the tongue, and without which the 
music would be very defective. Vaucanson indeed con- 
fesses that this motiongin his machine was that which cost 
him the greatest labour. Those desirous of farther informa- 
tion on this subject may consult a small work, in quarto, 
which Vaucanson published respecting these machines. 
V A very convenient instrument for composers was in- 
vented some years ago in Germany : it consists of a harp- 
sichord which, by certain machinery added to it, notes 
down any air or piece of music, while a person is playing 
it. This is a great advantage to composers, as it enables 
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them, when hnrried away by the fervour of their imagina» 
tion, to presenre what has snocessÛTely reœiyed from their 
fingers a fleeting existence, and what otherwise it would 
often be impossible for them to remember. A descrip» 
tion of this nuchine may be found in the memoirs of the 
Academy of Berlin, for the year 1773. 

ARTICLE XVII. 

Cfa wrv vutrumeni called the Harmeimca. 

This new instrument was invented in America by Dr. 
FrankUn» who gave a description of it to Father Beccaria, 
which the latter published in his works, printed in 177S. 

It b well known that when the finger a little mobtened 
is rubbed against the edge of a drinking glass, a sweet 
sound b produced ; and that the tone varies according to 
the form, siae, and thickness of the glass. The tone may 
be raised or lowered also by putting into the glass a greater 
or less quantity of water. Dr. Franklin says that an Irbh- 
man, named Puckeridge, first conceived the idea, about 
twenty years before that time, of constructing an instru- 
ment with several glasses of this kind, adjusted to the vari- 
ous tones, and fixed to a stand in such a manner, that dif- 
ferent airs could be played upon them. Mr. Puckeridge 
bâving acen filler war Uâ burnt in his house along with this 
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in breadth in the inside. In regard to the dimensions of 
the glasses themselves, the largest may be about 9 inches 
in diameter at the mouth, and the least 3 inches, each glass 
decreasing in size a quarter of an inch. It will be proper 
to have five or six of the same diameter, in order that they 
may be more easily tuned to the proper tones ; for a very 
slight difference will be sufficient to make them vary a 
tone,'and even a third. 

When these arrangements are made, try the different 
glasses, in order to form of them a series of three or four 
chromatic octaves. To elevate the tone, the edge towards 
the neck ought to be ground, trying them every moment, 
for if they be raised too high, it will afterwards be impos- 
sible to lower them. 

When the glasses have been thus graduated, they must 
be arranged on a common axis. For this purpose, put à 
cork stopper very closely into the neck of each, so as to 
project from it about half an inch ; then make a hole of à 
proper size in all these corks, and thrust into them an iron 
axis, but not with too much force, otherwise the necks 
might burst. Care must also be taken to place the glasses 
in such a manner, that their edges may be about an inch 
distant from each other, which is nearly the distance be- 
tween the middle of the keys of a harpsichord. 

To one of the extremities of the axis affix a wheel of 
about 18 inches in diameter, loaded with a weight of from 
£0 to 25 pounds, that it may retain for some time the mo- 
tion communicated to it. This wheel, which must be 
turned by the same mechanism as that employed to turn a 
spinning wheel, communicates, as it revolves, its motion 
to the axis, which rests in two collars, one at the extremity 
and the other at some distance from the wheel. The 
whole may be fitted into a box of the proper form, placed 
on a frame supported by four feet. The glasses corre- 
sponding to the seven tones of the diatonic octave, may 
be painted of the seven prismatic colounf in their natural 



3dâ THE HARMONICA* 

order, that the different tones to which they correspond 
may be more readily distinguished. 

The person who plays on this instrument, is seated be-^ 
fore the row of glasses, as if before the keys of a harpsi- 
chord ; the glasses are slightly moistened, and the wheel 
being made to revolve, communicates the same motion to 
the glasses ; the fingers are then applied to the edges of 
the glasses, and the different sounds are by these means 
produced. It may be easily seen that different parts can 
be executed with this instrument, as with the harpsichord. 

About fourteen or fifteen years ago, an English lady at 
Paris performed, it is said, exceedingly well on this instru« 
ment. The sounds it emits are remarkably sweet, and 
would be very proper as an accompaniment to certain 
tender and pathetic airs. It is attended with one advan- 
tage, which is, that the sounds can be maintained or pro- 
longed, and made to swell at pleasure ; and the instrument, 
when once tuned, never requires to be altered. It afforded 
great satisfaction to many amateurs ; but we have heard 
that the sound, on account of its great sweetness, became 
at last somewhat insipid, and for this reason perhaps it is 
now laid aside, and confined to cabinets, among other 
musical curiosities. 

A few years ago Or. Chladni, who has made various re- 
searches respecting the theory of sound, and the vibrations 
of sonorous bodies*, invented a new instrument o^ this 
kind, to which he gave the name of euphon. This instru- 
ment has some resemblance to a small writing desk, and 
contains in the inside 40 glass tubes of different colours, 
of the thickness of the barrel of a quill, and about 16 inches 
in length. They are wetted with water by means of a 
sponge, and stroked with the fingers in the direction of 
their length; so that the increase of the tone depends 



• He published a work on this gnbject entitled, EnUUchingen uber ii9 
Théorie de$ Klanget. Leipstc 1787. 4to. 
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merely on the strotiger or weaker pressure, and the slower 
or quicker movement of the fingers. In the back part there 
is a perpendicular sounding board, through which the 
tubes pass. In sweetness of sound this instrument ap- 
proaches near to the harmonica ; but seems to be attended 
with advantages which the other does not possess* 

1st. It is simpler, both in regard to its constructioD, and 
the movement necessary to produce the sound ; as neither 
turning nor stopping is required, but merely the motion 
of the finger.— *2d. It produces iti sound speedier; so that 
as soon as touched the tone may be ma:de as full as the in* 
strument is capable of giving it : whereas in the harmonica 
the tones, and particularly the lower ones, must be made to 
increase' gradually. — 3d. It has more distinctness in quick 
passages, because the tones do not resound so long a^ in 
the harmonica, where the sound of one low tone is often 
heard when you wish only to bear the following one.— 
4th. The unison is purer than is generally the case in the 
harmonica; where it is difficult to have perfect glasses, 
which in every part give like tones with mathematical ex- 
actness. It is however as difficult to be tuned as the har- 
monica.— 5th. It does not aflect the nerves of the per- 
former ; for a person scarcely feels a weak agitation in the 
fingers; whereas in the harmonica, particularly in con- 
cords of the lower notes, the agitation extends to the arms, 
and even through the whole body of the performer.— 6th. 
The expense of this instrument will be much less than that 
of the harmonica. — 7th. When one of the tubes breaks, or 
any other part is deranged, it can be easily repaired : 
whereas when one of the glasses of the harmonica breaks, 
it requires much time, and is difficult to procure another 
capable of giving the same tone as the former, and which 
will correspond sufficiently with the rest. 

For farther particulars respecting this instrument, and 
the history of its invention, see The Philosophical MagOr 
zine, n*. 8, or vol. 2, p. 391. 
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will be a curious spectacle to see a disciple of Hippocrates 
feeling the pulse of his patient by the sound of an instru- 
ment, and trying airs analogous by their time to the mo- 
tion of his pulse, in order to discover its quality. If all 
other diseases should baffle the physician's skill, there is 
reason to believe that low spirits will not be able to with- 
stand such a practice. 

ARTICLE XIX. 

On the Figures formed hy Sand and other light Substances 
on Vibrating Surfaces. 

Dr. Chladni of Wittenberg, by his experiments on vi- 
brating surfaces, published in 1787, opened a new field in 
this department of science, viz, the consideration of the 
curves formed by sand and other light bodies, on surfaces 
put into a state of motion. As this subject is curious, and 
seems worthy of farther research, we shall present the 
reader with a few observations on the method of repeating 
these experiments, taken from Gren's Journal of Natural 
Philosophy, vot 3 *. 

Vibration figures, as they are called, are produced on 
vibrating surfaces, because some parts of these surfaces 
are at rest, and others in motion. The surfaces fittest for 
being made to vibrate, are panes of glass ; though the ex- 
periments will succeed equally well with plates of metal, 
or pieces of board, a line or two in thickness. If the sur- 
face of any of these bodies be strewed over with substances 
easily put in motion ; such for example as fine sand ; these, 
during the vibration of the body, will remain on the parts 
at rest, and be thrown from the parts in motion, so as to 
form mathematical figures. To produce such figures, 
nothing is necessary but to know the method of bringing 
that part of the surface which you wish not to vibrate into 
a state of rest ; and of putting in motion that which you 

• Set also PhiL Ifaf . No. IS. 
VOL. II. C C 
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wish to vibrate : on this depends the whole expertness of 
producing vibration figures. 

Those who have never tried these experiments might 
imagine, that to produce fig* 2 pi. 19, it woUld be neces- 
sary to damp, in particular^ every point of the part to be 
kept at rest, viz, the two concentric circles and the dia- 
meter, and to put in motion every part intended to vibrate. 
This however is not the case ; for you need damp only the 
points a and b, and cause to vibrate one part c, at the edge 
of the plate ; for the motion is soon communicated to the 
other parts, which you wish to vibrate, and the required 
figure will in this manner be produced. 

The damping may be best effected by laying hold oC the 
place to be damped between two fingers, or by supporting 
it only by one finger. This will be more clearly compre-* 
hended by turning to fig. 6, where the hand is represented 
in that position necessary to hold the plate. In order to 
produce fig. 3, you ^must hold the plate horizontally, 
placing the thumb above at a, with the second finger di- 
rectly below it ; and besides this, you must support the 
point b on the under side of the plate. If the bow of a 
violin be then rubbed against the plate at c, you will pro» 
duce on the glass the figure which is delineated fig. S. 
When the point to be supported or damped lies too near 
the centre of the plate, you may rest it on a cork, not too 
broad at the end, brought into contact with the glass in 
such a manner, as to supply the place of the finger. It is 
convenient also, when you wish to damp several points at 
the circumference of the glass, to place your thumb on the 
cork, and to use the rest of your fingers for touching the 
parts which you wish to keep at rest. For example, if yon 
wish to produce fig. 4, on an elliptic plate, ihe larger axis 
of which is to the less as 4 to 3, you must place the cork 
under c, the centre of the plate; put your thumb upon 
this point, and then damp the two points of the edge p and 
q^ as may be seen fig. 5, And make the plate to vibrate by 
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ng the violin bow against it at n There is still an* 

convenient method of damping several points at the 

e, when large plates are employed. Fig. 1 represents 

»Dg square bit of metal ab, 3, line in circumference, 

h is screwed to the edge of the table, or made fast in 

other manner : and a notch, about as broad as the edge 

of the plate, is cut into one side of it with a file. You then 

Id the plate resting against this bit of metal, by two or 
more fingers when requisite, as at c and d; by which means 
the edge of the plate will be damped in three points dee; 
and in this manner, by putting the plate in vibration atf^ 
you can produce fig. 10. In cases of necessity you may 
use the edge of a table, instead of the bit of metal ; but it 
will not answer the purpose so well. 

To produce the vibration at any required place^ a com* 
mon violin bow, rubbed with rosin, is the most proper in- 
strument to be employed. The hair must not be too slack, 
because it is sometimes necessary to press pretty hard on 
the plate, in order to produce the tone sooner. 

When you wish to produce any particular figure, you 
must first form it in idea on the plate, in order that you 
may be able to determine where a line at rest, and where 
a vibrating part, will occur. The greatest rest will alwa3rB 
be where two or more lines intersect each other, and such 
places must in particular be damped. For example, in 
fig. 7 you must damp the part n, and stroke with the bow 
in p. Fig. 1 1 may be produced with no less ease, if yoa 
hold the plate at r, and stroke with the bow at/. The 
strongest vibration seems always to be in that part of the 
edge which is bounded by a curve : for example, in fig. 8 
and fig. 9, at n. To produce these figures therefore, you 
must rub with the bow at n, and not at r. 

You must however damp, not only those points where 
two lines intersect each other, but endeavour to support 
at least one which is^ suited to that figure, and to no other. 
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the bair of the violin bow : on this account the edge mast 
be rendered somewhat smooth, by means of a file, or a 
piece of coarse hard free-stone. 

You must endeavour to procure such plates as are 
pretty uniform in thickness ; and you ought to have tbem 
of different sizes ; such as circular ones of from 4 to 12 
inches in diameter. You must not employ sand too fine, 
but rather that which is somewhat cçarse. The plate 
must be equally bestrewed with it, and not too thick ; as 
the lines will then be exceedingly fine, and the figures 
will acquire a better defined appearance. 
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